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PREFACE 

This document summarizes a collection of ideas concerning 
an instruction set for the communication of the definition of a 
graphic image between a comouter and a peripheral graphic 
device. Althouah it is felt that this definition is unique in 
its aoillty to support a wide variety of dissimilar graphic 
devices in a wide variety of application environments, REGIS 
(Which stands for the Remote Graphic Instruction Set) is felt by 
the author to represent a natural evolution of existing device 
specific interface protocols used on devices produced by several 
manufacturers, 

Ihe principal aoals and assumptions of REGIS may be stated 
as follows:' 

1. All future graphic terminal devices will contain 
micro-processor computing elements and therefore are able to 
interpret a rich user- oriented language syntax with 
reasonaole performance, 

2. A majority of remote graphic devices communicate with a 
comouter over serial communications lines using ASCII 
character codes. REGIS is therefore specifically designed 
to be embedded in the ASCII Protocol environment and 
contains special features to efficiently utilize this 
communication media. 

3. T^ minimize the number of different language syntaxes which 
users and system designers must worlc with, REGIS is 

- specifically designed to be usea both as a lir=e protocol and 
a graphic file syntax. In addition, REGIS is sufficiently 
"English Level" oriented as to oe useful as print string 
constants from a high level language which has no direct 
graphic device support. 

4. REGIS is not meant to be a replacement for higher level 
aoolication oriented graphic languages, such as the proposed 
SIGGRAPH CORE Standard, out rather is meant to be used as 
tne "object code" level language translation from such a 
higher level image definition. REGIS therefore specifically 
addresses the attributes of the graphic device its<»lf arc 
ignores such higher level laoguaae issues as viewirg 
transformations and "real-world" coordinates. 

5. REGIS'S aporoach to Instruction level code transportability 
is based upon the concept that the majority of the 
Information content of a graphic image may be defined by a 
few common graphic Instructions and tnat the specific 
attributes and capaoilites of a graphic device may be 
transfOTT.ed or ignored ^y a dissimilar graphic device 
vithout destroying the essential information content of the 
image dra-«rn. 

rne ouroose of this report is to prf»sent the f unaamertal 
concepts of REGIS and to discuss the underlying assumptions and 
tradeoffs -.nicn characterize REGIS, Tnis report should not be 
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considered as a definitive soeclf Ication for PEGIS but will 
hopefully serve as a common point of discussion in oreoaration 
tor the development of a specification. 

This report summarizes both formal and informal work 
carried out oy a large number of individuals within the DEC 
organization and principally grew out of the discussions of the 
Common Grapnics Command set Committee. Special mention should 
be made^ of the efforts of the members in the Research and 
Development Department, the Computer Aided Design group and the 
Video Products Group which directly contributed to the content 
and substance of this reoort. 
REVISION I 

This revision reflects refinements to the original document 
as a function of comments received from several DEC 
organizations and particularly the comments of Tom Powers, Don 
North and Bob Fleischer. The following list summarizes the 
areas of change: 

1. Strings may be delimited by either the single auote "••• or 
double guote •"' character. A delimiter character mav still 
be contained within a strino by doubling. 

2. .Mumerlc constants may be delimited by tne space character. 

3. Macrographs may be redefined without first clearing, 

4. A REGIS compatible device may have a default screen 
coordinate definition. 

5. Pixel size adjust and multipliers now onlv r\ave ore 
oarameter, 

6. A guideline for the assumed size of "standard" text has been 
added. 

7. Temporary writing ootlons are no* allowed in the vector 
curve and text instructions. ' 

8. The end oolnt cursor position for circles anc arcs nas fce*>n 
clarified. 

9. Tne "+" and "-" ootion enable/dlsacle syntax has been 
Changed to use numeric Qualifiers Instead. 

10. A read Instruction has been aaaed to allow access to drawing 
orocsss parameters for interactive devices. 

11. The definition of color to grev-scale macoinc has been 
clarified. 
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1.0 
INTRODUCTION 

The Remote Graphics Instruction set (REGIS) is a device 
level portable graphic image definition approach. Althouoh 
meant principally to be used for the cominunication of graphic 
images between a host computer and a remote "smart" graphics 
device, REGIS also has applicability to tightly coupled 
(bounded) graphics systems in any context in which a orachic 
image is stored as a seguence of characters. 

This report describes the fundamental concepts of REGIS 
including the underlying assumptions and tradeoffs vhich have 
led to its- development. The paragraphs in this section give a 
brief overview of REGIS in terms of the assumed system 
structure, tne various uses of regis within that structure, the 
range of devices for which kegis is designed to be used and 
illustrative examples of REGIS instruction seauences. Later 
sections discuss the philosophy of REGIS, the concept of a 
logical graohic device" upon which REGIS is based and the 
specific syntax and semantics of the currently defined 
instruction set. 
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1.1 

SYSTEM MODEL 

Figure 1 Illustrates the assumed general block diagram of 
the graphics system In which REGIS is ipeant to be used. As 
illustrated, the system consists of two major parts: (1) the 
host computer system which from the user's point of vie* 
consists of various software modules and (2) the remote graphics 
device. The term "remote" here refers to the assumption that 
the graphics device is attached to the host computer by a 
possioly low-speed communications link. 

The host computer system is assumed to consist of four 
major parts (not all of wnich may be present in a particular 
system): 

1, Graphics application oacJcagets) - allow the user to access 
the graphics capabilities of the remote device in terms of 
syntax and semantics appropriate to the user's intended 
application. For example, a data plotting oacXage which 
accepts taoles of data and allows the user to construct 
plots of varying types based on that data. As a second 
example, a flowcharting package which allows the user to 
prepare a variety of flowchart diagrams for technical and 
managerial use. 

2. High level languageCs) - allow the user to generate graphic 
ii«ages of significant comolexlty reguiring alaorithTnlc 
definition and/or images reauiring dynamic changes to the 
graphic image, 

3. Text files - allow the user to store the definition of a 
graphic image generated by a high level program or 
application pacKage and later cause that graphic imaae to be 
Shown in the same manner as printing out a report file of 
standard text, 

4, Operating systerr - may oroviae supoort to the graphics user 
in the general case by converting the graphic imace 
definition provided by tne other software to the reouirea 
protocols necessary to drive one or more remote graphics 
devices. 
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Figure l. GRAPHICS SYSTEM BLOCK DIAGBAH 
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Tne remote graphics devices are assumed to have the 
following oasic structure: 

1. Local processor - interprets the graphics image definition 
provided oy the computer into a form which can be used by 
the hardware image generation part and transfer information 
concerning operator entries to the host computer, 

2. Hardware image Generator - the generally digital/ analog/ 
electro-mechanical portion of the graphics device which 
gives the visible graphic image. The pen-movement mechanism 
of a flat-bed plotter and the CPT tube with refresh memory 
circuit of a raster graphics device are examples of this, 

3. Operator interfaceCs) - the device or devices in an 
interactive graphics system which allows the user to either 
communicate directly with the local processor for local 
operations or communicate with the application prooramCs) in 
the host computer. 



In a Qounded system, the communications interface is no 
longer visible to the user and the local and host processors 
generally collapse into a single processor. The other parts ot 
the system remain the same as illustrated for a bounded system. 



1,2 

GRAPHICS LANGUAGE ACCESS POINTS 

aased on the above assumed structure, the system has at 
least six language access ooints of interest to the user's and 
developers of such a system; 

1. Graphics application languages - such as plot commands in a 
data plotting package or the constructors of physical images 
as represented by the proposed SIGGPAPH COPE graphics 
standard. 

2. High level lanauages - alio* access to graphics semantics in 
three oossiole ways: 

i. Direct drive ot character based communication orotocols 
oy using string constants output through "ppi^t" 
statements, 

2, Graphics suo-routines accessed oy programmed calls. 

3. Ennbedded graphics staten»ents accessed in the same (tanner 
as other language capabilities. 



3. Graphics text tiles - the syntax of how the graphics irraoe 
is stored as text for later communtcatiop to the araphics 
device. 
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4. Communications Interface - the syntax of the graphics 
commands sent sequentially to the graohics device. 

5. Graphics hardware instructions - refer to the assumed 
digital signals generated by the local device processor to 
"fc***- control the hardware image generator. 

6. User graphics entries - refer to the specialized entry 
sequences for local control in addition to the syntax of the 
user commands required to use the application software 
orograms. 



1.3 

REGIS SCOPE OF APPLICATION 

The natural Question which arises based upon the above user 
language access points is "^hat range of apolication should a 
general purpose graohics instruction set be aimed?". it ^ould 
of course oe very nice if one instruction set could be found 
Which satisfied the requiren-ents of all ooints of the system but 
this is clearly impractical (it not impossible) considerina.the 
breadth of grapnics applications and the differences- in 
"personality" oetween the different languace points. On the 
other hana, the relatively larae number of different graphics 
language syntaxes wnich a user may have to be aware of also is 
undesirable motivatina a desire to have a few standardized 
language approaches Tfith special languages applied when dictated 
by aoolication and hopefully based upon the existino standards. 
we will accept here (at least not argue against) the CORE 
standard for use in the aoolication program and high level 
language sub-routine cases. It is the purpose of REGIS rather 
to attact tne syntax and semantics at least of the 
communications interface graphics commands. 3y extrapolation, 
it is the desire of REGIS also to be used at other graphics 
language access points in the system which are orincipaiiv based 
upon a Character representation of the graphic image. in 
summary then, it is the intent of REGIS to be used for the 
following grapnic language access points for both remote and 
closely-coupled graphics systems: 

1. Graphics instruction string constants from high level 
languages whetner generated by print statements or the 
compilation of hign level lanauage programs having erabedaed 
graphics statements. 

2. The "semantic protocol" for graphcs access in a serial based 
communications line to a re'T'ote graphics device. 

3. The syntax of graphics com-nancs when stored in a character 
oriented file. 
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1.4 

REGIS OVERVIEW 

Having no* establised the intended utilization of PE^IS in 
a grapnlcs system, the following paragraphs summarize -ithout 
the detailed justification given in later sections the general 
syntax and semantics of REGIS Instructions. 

REGIS instructions are sequences of characters based upon 
an alpnaoet conipon to most computing systems. That is, the 
aiDhabet consists letter, digit and punctuation characters. a 
gJaShiflSage is diaSn Iv sending the grachics device a sequence 
of INSTRUCTIONS air based on this alphabet where the general 
?orma? Of each tistruction is a KEY-LETTEP denoting the tvpe of 
ooeration to be performed and an arbitrary number «>^ instruction 
ARGUMENTS -hich have a prescribed "Jf^^^^^when associated with a 
KEY-LETTER. The six basic instuctions in REGIS are briefly 
defined as follows: 

1 screen Instruction - KEY-LETTER -S" - causes operations to 
be oertormed affecting the entire visible viewing area such 
as erasing the image in preparation of drawing a new image. 

2 writing Attributes Instruction - KEY-LETTEP "w" - causes all 
'• ;Se following drawing instructions to costruct the image 

using the attributes (line pattern, color and so torthj 
given oy the arguments of the instruction, 

3. Position Instruction - KEY-LETTER -P" - causes the drawing 
process to commence from a specific norizontal/vertical 
position In the drawing area, 

4 vector instruction - KEY-LETTER "V" - causes a straight line 
to oe drawn between the current position and a new oosition 
specified by the instruction arguments. 

5 curve instruction - kEY-LETTER "C" - causes a circle, arc. 
0? general curve image to be drawn based upon the arauments 
of tne instruction. 

ft Text instruction - xey-LETTEF "T" - causes a sequence of 
text cnaracte?s to be drawn in a rr.anner based uoon the 
argunents of the Instruction. 

mere are four general types of arguments used in REGIS; 

1 position arguments are strlncs of characters written within 
t?-orac)cec Characters "f and "]" which indicate changes tc 
tne norizontal and vertical -ritina cosltion. 

ootion arauments are strings of characters written vithln 
tne oa?entnesls characters "(« and ")- «hich in some manner 
modltY tne way In which the instruction carries out its 
latended ourpose. The syntax of the ootion strings Is the 
same as tor instructions and tor this reason, cction 
arguments are also called sub-instructions. 



2. 
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3, Text Strings are character sequences contained within the 
single quote character "'" and are used wnen a character is 
Itself an argutnent of an instruction as in the case of the 
TEXT instruction. 

4, Digit characters refer qenerally to the eight neiahbors of a 
specific position. 

The principle hypothesis of REGIS is that these six basic 
instructions and thses simple arguments are sufficient to define 
most of tne information of most of the graphic images of 
interest to most of the users of graphics systems. The fact 
that Instruction set Is terse in nature is based upon the desire 
for a relatively efficient cooraunicatiors protocol and that It 
is assumed that most graphic Images ^ Mill prepared uslnu 
application programs, HEGIS as a language is still high enough 
In level that the graphic image definition is still not 
completely critical and so specific that different araphic 
devices have some degree of freedom in interpreting the 
instructions to maximize their own features and thus allow a 
reasonable chance of graphic image portability between one 
device and anotner. 



1.3 

EXAMPLE IMAGE GENERATION 

Figure 2 illustrates a simple graphics image consistina of 
a diamond , circle and graphics text. The second cart of figure 
2 illustrates tne PEGIS instructions reguired to generate this 
image, wote tnat a REGIS instruction generally iray have several 
arguments. 

Figure 3 illustrates program sequences illustratina the 
source for the generation of these REGIS instructions based upon 
the three basic approaches to accessing graphics from a Mch 
level language (in this case, a language having Che persondlity 
of BASIC) and the program sequences for aererating the imaae 
based upon the SIGGRAPH COPE graphics standard. It is 
surprising tnat the direct use of REGIS in PPI:*T staterents has 
comparable "readability" to the other approaches. This is 
deceiving however due to the simplicity of the image drawn. 
REGIS has no viewing transformation, three-dimensional imaqe and 
segment capabilites as found in the SIGGHAFH cohc and of use in 
higher level applications worK. The assumption of REGIS is that 
these capaoilities are translatable to sequences of REGIS 
instructions. 
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Figure 2. example graphics image 




AND DIAMOND 



REGIS instructions tor the above image; 



P1100,100] 

V[200,0] [300,100] [200,200] [100,100] 

P[200,100] C[+1003 

P[150,1501 T(S2) 'CIRCLE AND DIAMCWD' 
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Figure 3. example APPLICATION LEVEL GRAPHICS SEOUENXES 
a, using REGIS Directly in PBXNT statements 



100 PRINT 
no PRINT 
120 PRINT 
130 PRI?{T 



GIS, ••PC100,100]" 
••VC200,01 (300,1003" 
'•VC200,2003 [100,1003" 
"PC20O,10O3CC+lOO3", GOS 



Note; The string constants Gls and GOs refer 
to character sequences which are defined 
by some mechanism at the begining of the 
program and cause the graphics process to 
be turned on and off in the graphics 
device. 



b. Using 



Sub-routines 

POSITtON(lO0,i0O) 
VECTOR(200,0) 
VECTOR(30C,100) 
VECTaP(200,2OO3 
VECTCIRC100,100) 
150 CALL CIPCLE(200,100,100) 



Graphics 


100 


CALL 


110 


CALL 


120 


CALL 


130 


CALL 


140 


CALL 



c, Emoedded Graphics Co.T»mands 

100 DRAv» 100,100;200,0; 

110 DRAW 300,100;200,200;100,100 

120 DRAW 200,100 CIPCLE 100 



d. SIGGRAPH CORE Statements 



M0VE_ABS-2 
LINE«ABS-.2 
LINE-A8S-2 
LINE_ABS-.2 
LINE.A3S-2 



(100,100) 

(200,0) 

(300,100) 

(200,200) 

(100,100) 



P0LYLINE-A3S_2 (X,Y) 



i^Jote: The arrays X and Y are assumed to 
contain the coordinates of closely 
spaced points on a circle as would 
be generated by some program segment 
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1.6 

RANGE OF IMTENDED DEVICES 

REGIS is ambitious in its attempt to cover a broad range of 
botn "soft-copy" (temporary record) and "hard-copy" (permanent 
record) remote graphics devices. A possibly incomplete list ot 
such devices include: 

1. Flat-bed monochrome and color plotters 

2. Orun» monocnrome and color plotters 

3. Photo-plotters including computer output microforms 

4. Monocnrome and color raster CPT devices 

5. Storage CRT devices 

6. Strode grapnics devices 

7. Flat-panel display devices such as plasma panels 

3. Matrix, thermal and electrostatic hard-cooy devices 

The principal concept of the transportability of PFGIS based 
images is that the essential information content of an image can 
be encoded in tne basic set of instructions and that little or 
no essential information content is lost if attrloutes of 
particular device are transformed (or even ignored) by a device 
which does not have a particular attribute cacability. 
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2.0 

REGIS PHILOSOPHY 

This section describes and discusses the rationale of REGIS 
in terms of CI) the approach to allowing an image originally 
defined for one graphics device to be drawn on a dissimilar 
graphic device, called the instruction set "transportability" 
(2) concepts of the instruction syntax and the orientation to 
the ASCII character code conventions and (3) conceots of 
handling dissimilar device attributes and capabilities, referred 
to as the "semantics" of REGIS, 



2.1 

Transportability Concepts 

The desire of image definition transportability is to allow 
a sequence of graphic Instructions to draw similar looJcina 
images on dissimilar graphic devices. The following oaraoraphs 
summarize the REGIS approach to this transporcabiiity. 



2.1.1 APPLICATION FREE PRIMITIVES 

REGIS imple'nents a set « drawing primitives basea uoon 
co'nmon geometric rule and compass constructions and should not 
contain any scecific capabilities which can be interpreted in 
terms of the semantics of the aoolication. For examcle, f-EGIS 
does not include viewing transformation, hidden line removal ana 
other capabilities generally useful in presenting an iasage of 
real ohysical things. Instead REGIS assumes that these 
capabilities are adequately supported by hloher level languages 
vhich simulate these features by a sequence of REGIS 
instructions. m this way REGIS does not burden an apolicaticn 
whicn wor<s >rith more abstract images such as a data olottino 
pacJcage. In a similar manner, REGIS does not have built in axis 
and oar-graph primitives to support data olottirg for the same 
reason. 



2.1.2 A4;\,>J0ATQRY BASE IMPL£.*<ENTATI0M 

REGIS instructions are based on a general instruction 
syntax wnich all devices are reouired to "carse". That is, 
every device using the REGIS instruction set must completely 
interpret all possible character s«»ouences defined by this 
oeneral instruction grammar, wnetner those c^aracter sequences 
mean anytning or not. Se^antically, rfgis instructions and 
parameters are separated into a REGIS base cateoory, a STAnDAFC 
EXTE'JSIJMS category and a REGIS OPfe;<>i category, in concept, most 
of the essential Information concent of a aracnic i:Tage is 
definaoie in terms of tne RtGiS BASE instructions ' ar^a 
para.-^eters. All REGIS based araohic devices are reoiilreri to 
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interpret tnese BASE capabilities as faithfully as possible. In 
addition, users who icnow ahead of time that the image they are 
defining is to be used on several different devices are 
encouraged to use only the BASE REGIS capabilities to ensure 
maximum transportability. For example, color is not a common 
attribute of every graphic device, and for this reason the REGIS 
BASE is "color-Dllnd". This worlcs out well in practice because 
color does not normally carry essential information content. 
Put differently, users should avoid using color to relate 
essential information in the context that that same information 
is not also implied by monochroire boundaries or patterns. 

There are several categories of STANDARD EXTENSION 
capabilities, including very high resolution devices (such as 
photo olotters) and raster scan display devices (including color 
CRT displays). The intent here is the same as tor the REGIS 
BASE. That is, all CRT GRAPHIC devices of approximation the 
same resolution are expected to implement the full range of the 
STANDARD RASTER EXTENSIONS. 

This concept worKs because all devices are recuired to 
fully parse the general instruction syntax. Therefore, a 
capaoility in one of the extension sets is simply ignored or 
transformed to a simpler attrioute in a device for which that 
capability does not exist. 



2.1.3 FIDELITY OF INFORMATION PRESENTATION 

Devices are allowed varying levels of fidelity in the 
presentation of Information imelied by REGIS instructions on the 
oasis of maintaining reasonable performance '*Mie maximizing the 
translation of an instruction sequence. The aeneral rule for 
determining tne allowed degree of loss of fidelity are as 
follows: 

1. LOW resolution /monochrome devices are allowed the greatest 
degree of latitude in approximation the information content. 
in the limit of a drawing a very detailed image with a larce 
information content (exceeding the Information concent of 
tne simple device) essential information may be lost. 

2. Higher resolution (and presumably more expensive or more 
specialized) devices are expected to implement the highest 
degree of fidelity of Information presentation. 

One of the reasons that tnls aoproach should wortc Is t^e 
assumption tnat Images are prepared on lower resolution for 
later output on higher resolution (possibly slower, usually more 
exoenslve) devices or that a nigh Information content Image is 
prepared directly for the high resolution device. Rarely would 
an Image prepared on a hlcn resolution device be drawn on a 
suDStantlaliy lower resolution nevlce except perhaps for "quick- 
checKlng" or otherwise the user must be willing to accept tne 
cossible misinterpretation of information as a result of t'n*' 
lower fidelity of recroducticr . 
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2.1.4 CRITICAL DEVICE PAPAMETEPS 

The third major concept in allowing maximal image 
transportability is the use of critical setup parameters defined 
once for each image and placed at the beginning of the 
instruction sequence for that image definition. Thus; in the 
worst case the user might have to adjust these parameters to 
achieve naxiraum fidelity in the reproduction of a graphic image. 
As an example of such a critical device parameter, REGIS allows 
the user to set the range of X-Y coordinates to be used for an 
image definition. These presumbly would be set to the actual 
physical range values of device which the user mostly uses. 
These range parameters could be adjusted to maximally utilize a 
dissimilar low resolution device but presumably would not have 
to adjusted for playin the same image on a high resolution 
device. 



2.2 

SYNTAX CONSIDERATIONS 

2,2.1 Character Codes 

REGIS is oased on the common ASCII-96 or ASCH-12a 
character alpnabet. To support environments wpich have only the 
ASCII-96 character set (or have a character set such as BCD 
whicn is not- translatable to the ASCII-128 character set) REGIS 
does not differentiate between upper ana lower case letters. As 
a matter of convention, REGIS will be defined in terms of 
uoper-case letters with the understanding that lower case 
letters will be converted to upper case for interpretation. The 
exception to this rule is that lower case letters will remain 
lower case in a quoted string for environments which do support 
the ASCII-128 alpnabet. The selection of ASCII for PEGIS 
instructions is based first on the desirability that REGIS 
instructions be human- readable (at least to the degree that 
assembly language code is readable) and secondly on tne 
presumption that a majority of systems which use graohics either 
use ASCII directly as their base text code or orovide sotre 
easily accessiole means for the translation of their internal 
code (such as EBCDIC or BCD) to ASCII. 



2.2.2 ASCII control Codes 

To avoid as many problems as possible when usino PEGIS in 
an ASCII oased environment, REGIS does not use any ASCII cortrcl 
codes. All PEGIS instructions, parameters, and extensions can 
oe written using only the printable character sets from ASCII-9(i 
or ASCir-128. 
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2.2.3 syntactic Relation to Higher Level Languages 

The REGIS general syntax is based on a simple easily parsed 
grammar which should make it easily generated by common high 
level languages and user application packages. In particular, 
the REGIS instruction types nave been kept very close to the 
SIGGRAPH CORE to allow simple and straightforward 
implementation. 



2.2.4 Use in '♦PRINT" strings 

The level of REGIS instructions and parameters has been set 
nigh enough that the use of REGIS directly in the PRINT strings 
of such languages as BASIC, FORTRAN, and PASCAL on systens which 
do not directly support graphic devices allows reasonably clear 
(although admittedly terse) coding. in particular, number 
arguments are encoded as the usual decimal integer, fixed-point, 
and floating- point (scientific notation) strings generated bv 
these languages. 



2.2.5 Communications Line Efficiency 

The level of REGIS instructions has ceen set low enouah so 
that reasonaole performance may be obtained even at low 
transmission rates, it is for this reason that the "roacrograoh 
string" nas been included in the REGIS base to allpwif^th 
repetitive string seauences to be defined once and then referrea 
to by name any numoer of times, it is for this rason also that 
REGIS is generally free format and reauires no\ instruction 
separators and allows multiple instructions per "line" (in fact, 
REGIS has no awareness of line boundaries, since ASCII control 
characters are ignored). 



2,2.6 Hlah-level Language "Personality" 

Aitnougn it is not possible to define a comcietely 
comaatlole personality amongst all hlaner level languages, REGIS 
has attempted to capture the essence of many higher level 
language personilizations to allow the most racid learnina ey 
users /fith minimal Interchanges of syntactic constructs. Common 
numeric and string contant constructs , the ignorlna of olanks 
and auto-conversion of lower case to upper case are examoles ot 
the impiemetation of this concent. 



2.3 

Semantic Considerations 
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2,3,1 Range of devices 

REGIS Is intended for use on the following range of oraphic 
display devices: 

1. Lost to nign resolution flat-bed plotters 

2. Low to higft resolution rotary plotters 

3. Above plotters with binary or full-tone color 

4. monochrome binary raster CRT divices 

5. Full-tone and color raster CRT devices 

6. Storage CRT devices 

7. stroice graphics devices 

8. .Tionochrome Plasma devices 

9. "Future" x-y addressable display devic*»s such as LED arrays, 
LCD displays and Electro-luminescent disolays. 

It is felt that the REGIS BASE instructions adequately defines a 
common denominator of these devices, and that the EXTENSIONS and 
OPEN categories adeguately access the unique capabilities of 
current and future devices. 



2.3.2 Position Addressing 

A specific point in the viewing area of a graphic device is 
assumed to be representable by an x-Y (horizontal-vertical) pair 
of numbers and tnat the viewing area is rectangular in shape for 
the purpose of code transportability. The size of an x-y 
increment is assumed to oe defined by the device itself in the 
REGIS 8ASE (if indeed the device is able to define it at all!) 
and otnerwise definable by user supplied parameters in the REGIS 
extensions. 



2.3.3 Semantic Defaults 

There are generally no default parameters in the PEGIS 
BASE. In fact, all parameter ranges reauired bv a device are 
derivable from user supplied screen coordinates which are 
transformed to onysical coordinates by the device. An exceotion 
to this is Che size of "standard characters" in the device *hich 
will naturally vary as a function ot physical design decision . 
To accommodate such variances, REGIS allows t^e user to "adjust" 
tnese parameters so that the actual visual result is as close as 
possible to wnat the user expected. 
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Devices xnich implement PEGIS extensions are required tc 
implement default values tor all such semantic features which 
affect tne visiole display. These defaults will aporoxiaiate as 
much as possiole the visual impression of the image on a device 
which does not have these visual enhancements and tnese defaults 
must be assumed each and every time the screen clear operation 
is performed. For example, the default writing pen for a 
plotter is blacJc (althougn it is white or green for a CPT 
device!) as opposed to some hue capability (unless of course the 
divice naturally only has a single hue writing capability .. 
green for storage tubes and orange for plasma displays). 



2.3.4 Range of application 

For the purpose of this report, graphic images will be 
arbitrarily bro.<en dovtn into three categories: 

1, Data plotting 

2, Presentation graphics 

3, Image processing 

The first two categories are sometimes referred to as "data 
representation graphics" and the later category referred to as 
"inherently graphic". The intent here is to establish a 
framewor< for the range of aoplicability of htGIS. Contrary to 
any ore-conceived (or reall) notions of relative coToiexity of 
the above categories, we will assume that the list reoresents 
increasing complexity in the order given and presumafclv 
increased cost. Although REGIS may adequately handle the first 
category, its principal target is the second category which 
includes mainly abstract images such as tlow-charts ard 
olociC-diagrams. This does not mean that REGIS can not be usee 
for data-plotting but only that it may lack the oerformance 
necessary for this more restricted category. Similarly, PEGIS 
can be used as the protocol oase for complex cad and reai-worla 
imagery (ERIS photo processing, cartooning and so forth) but 
also »»ould be found to be less than desired in these cases 
particularly if no higher level language support is provided. 
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3.0 

THE BASE LOGICAL GRAPHIC DEVICE 

REGIS is used to define an imaqe for an abstract graphic 
device called the REGIS Logical Graphic Device. In principle, 
this abstract device is a composite of a wide range of physical 
devices. Features unique to a specific type of physical device 
are part of the extended REGIS logical device and are discusse 
in later sections. In concept, since an image is defined in 
terms of this abstract device, an image defined for one ohyslcal 
device is transportable to a different tyne of physical device 
with the exception that feature extensions are ignored on one 
device or the other or approximated In a different way on one 
device versus tne other. It is not expected that any one 
specific device have the parameters of the logical device, but 
rather eacn REGIS based physical device maps (transforms) the 
parameters given in terms of the logical device to its specific 
physical parameters. 

The REGIS logical device is defined in terms of: 

1, Parameters of the viewing ^rea 

2. Attributes of viewing points in the viewing area 

3, The general process of defining an image in the viewing area 
by modifying the attributes of the viewing points (REGIS by 
nature is a serial drawing process .. the visible portions 
of the image are drawn in the order in which the 
instructions are received). 

4. The allowed range of parameters and attributes 

The phrase "implementation dependent" will be used to refer to a 
parameter or attribute value that has a semantic meaning which 
varies with the type of physical device or with oersonai 
preference, rne allowed range of variance for an irpiementation 
dependent feature will be defined in more detailed later. 



3.1 

VIEWING AREA DEFINITION 

The REGIS Logical Device viewing area consists of a 
generally rectangular grid of a finite (althouah possibly laroe) 
number of viewing-point. Each vlewina oolnt is of finite area 
and Dounded on four sides by the invisible lines of oric. 
Usually, a viewing ooint is Che smallest ci-.ysical area with 
homogeneous structure that can be seen by the viewer and 
normally corresponds to the smallest area whicn can be rnodified 
by the physical device. recause the aria lines oreaK up the 
image in tne same manner that a window screen breaks up an 
outdoor scene, the viewing area mHI also be called a "screen". 
Mathematically, tne screen area xay be thought of as a set ot 
viewing- points such tnat tne union of all viewina-pcints 
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completely covers the viewlna area. A viewing point may also be 
referred to as a picture element or "pixel" for short Csoroetlmes 
referred to by the yet snorter nickname "pel"). 

When tne screen is rotated in such a manner that the imaqe 
has its "normal" orientation, then the four edges of the 
rectangular screen are called the left, right, top and bottom 
edges in accordance with the normal meaning of these words and 
the terms horizontal and vertical are used to refer to pixel 
positions relative to these four sides also in accordance with 
the normal meaning of these words. The position of each pixel 
on the screen is uniquely identified by the combination of two 
numbers which refer to the horizontal (or X) position and the 
vertical (or Y) position of the pixel. Using this the pixel 
(viewing-point) VP(X,Y) refers to the viewing point at the 
horizontal value denoted by the number X and at vertical value 
denoted by tne number Y. 

Using REGIS instructions, the user may define the possible 
range of values of X and Y by identifying the numeric values 
which are taken on by x and Y at the four edges, without loss 
of generality, these parameters may be assumed to be 
non-negative and directly define the following screen area 
parameters: 

SYT - value of the Y-position at the top 
of the screen area 

SYB - Value of the Y-position at the 
oottom of the screen area 

SXL - Value of X at the left edge 

SXR - value of X at the right edge 

Assuming for tne moment that these parameters are all of integer 
value, these oarameters indirectly define the total number of 
horizontal ana vertical positions to be used as follows: 

SXN a aOS(SXR-SXL)+l 

= the number of norizontal screen 
positions 

SYrJ = abs(SYT-SYB)+l 

= the number of vertical 
screen positions 

ST^i = SXN * SYN 

3 the total numoer of unique screen 
positions (number of oixels) 

These oarameters can now be used to define three ranges ot 

graphic device "resolution" (here used in the context of 

referring to quantity of information capability and not the 
quality of tne incividual oixels) as follows: 
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1. LOW RfiSOLUTION 
MINCSXN^SYN) <= 256 

2. MEDIUM RESOLUTION 

256 <= MIN(SXN,SYN) <- 1024 

3. HIGH RESOLUTION 
MIN(5XN,SY>«) > 1024 

REGIS dif terentiates between the low/medium class of devices and 
the high resolution devices in a special way. Basically, screen 
positions for low resolution devices and definable entirely by 
using integer numbers or the whole parts of generally fractional 
numbers. The additional resolution of high resolution devices 
is required to be accessed by fractional parts of the X and Y 
values. In this manner, the simpler low resolution devices may 
easily "approximate" the positions on high resolution devices by 
simply ta.<ing the integer parts of all numbers and similarly, a 
high resolution device may depict an iipage with better fidelity 
by maicing use of the fractional parts of the values, N'.ediun» 
resolution devices may use some part of the fractional values in 
addition to the -nhole parts on an implementation dependent 
basis, 

we have no^ established a reasonable frame-wor!< tor rules 
governing the degree of fidelity of representing a graphic 
image: 

1. LOW RESOLUTION DEVICES are given the greatest lee way in the 
degree of fidelity of representation 

2. MEDIUM RESOLUTION devices Should attempt to get as close as 
possiole to the ideal, recognizing that there still may be 
"Jagged eages" occasionally 

3. HIGH RESOLUTION devices are expected to represent the image 
with the maximum possible degree of fioelity. 

Note that the REGIS BASE logical device is ignorant of the 
real physical size of a pixel, consistent with the fact that 
most low resolution graphic devices have no controllable pixel 
size (as in the case of raster CRT, stroke CRT, and storace CFT 
devices). Other devices must therefore define default values of 
physical pixel sizes from the given data in conjunction with a 
determination of the resolution of the original device as 
determined by the above paramters. 

^iote that the parameter SXR is not necess rily greater than 
SXL and similarly, SYT is not necessarily larger than SYB. To 
define the REGIS instructions in terms of the logical device, it 
will be necessary to be acle to identify the oixels which are 
above, oeiow, to the left and to the right of a given pixel. In 
terms of the user suppliec screen coordinate definition. This 
is accoinplished by the X,Y screen increments SXirK anc SYI-'-C 
which are defined as follows: 

3X1 f!C = SG^(SXR,SXLD 
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SYINC = SGN(SYB,SiT) 

where SGNC ) is the signunt function. By this convention: 

vpcx+sxiNCX) is to the right of vp(x,y) 
VP(X-SXINC,Y) is to the left of VP(X,Y) 
•VPCX^Y+SYINC) is below VPCX,Y) 
fi -^-vp(X,Y-SYIKC) is aoove VPCX,Y) 



3.2 

VIEWING POINT ATTRIBUTES 

Each viewing point generally has a foreoround intensity 
attribute, a background Intensity attribute and a foreground- 
background selector attribute as defined in the followina 
paragraphs. 

Each pixel nas a background "intensity" value called the 
8I(X,Y). The semantic meaning of the word intensitv is 
implementation dependent in the sense fo psychoohysicai' and 
photometric measurement units. Intensity in the BASE logical 
device is defined simply as being some visually ciscarnible 
property of a viewing ooirt such that a oixel f^^a^^ one intensity 
value is separaole from another pixel having a different 
intensity value. The BASE REGIS LOGICAL DEVICE IS BOTH 
COLOR-BLINO AND BINARY in terms of intensity attributes, so 
without loss of generality, we may assume that the nossible 
values B1CX,Y) are either "off" or "on". 

The foreground intensity attribute associatea with the 
pixel at position X,Y is denoted by FI(X,y) and si.Tilarly in the 
Base logical device may t\3Lve values of "on" or "off". Because 
Of the binary nature of the base device, the FI and Bi 
Quantities are redundant, but are included here for copcleteness 
since tney will be needed in the definition of the extendec 
logical device. 

Eacn viewing point has a foreground-taocground selector 
function denoted by FBSCX,Y,t) -hich has a binarv value rfhich is 
generally a function of time, without loss of generalitv, tfe 
values of F3S will be taken to be "F" (for forearound selection 
also denoted by the binary value "i") and "B" (for background 
selection also denoted by tne binary value "0"). The FR5 
funtion for each vp(x,Y) is used to select whether the currently 
defined foreground of the currently defined backgrouna attribute 
is to oe seen. In the base logical device, we may take t^e 
value of 3I(X,Y) to off for all (X,Y) and the value of FT(x,Y) 
to be on for all CX,Y), Then the set of ail VF(X,Y) for which 
FBS(X,Y) has value "F" ("l") will be visually aiscernible as ar 
impsosed on a uniform bacground intensity. 
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3.3 

GENERAL DRA»*I-NG PROCESS 

The generation of an image on the logical device (as 
distinguished from the definition of the image) consists of 
executing a seguence of instructions which modify the FBS values 
for a selected subset of X,Y values. Note that the sequence of 
instruction execution is important in REGIS whereas the order of 
image definition constructs in a higher level graphic language 
may not be important. The generalV^ process of generating a 
REGIS logical image is as follows: 

STEP i: Define the viewing area parameters. 

STEP 2: Erase the viewing area 

STEP 3: Identify a seauence of X,Y positions and 
change the FBS for each of these pixels. 

An image may oe mcoiFIEO by repeating step 3. A new image may 
be drawn by repeating from step 2. 

In terms of the different REGIS instructions, the above 
steps are accomplished as follows: 

The SCREEN instruction is used to define the viewing area 
parameters, set the background attributes and erase the 
screen image. 

The WRITING attributes instruction is used to set the 
foreground attributes, particularly line drawing patterns. 

The POSITIOM instruction is used to select an X,Y pixel 
position to "be begin writing points. 

The VECTOR, CURVE, and TEXT instructions are used to 
modify a seguence of FBS values for pixels from the current 
X,Y Dosition ana generally ending up at a different 
position of tne screen. 
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4.0 

REGIS GENERAL SYNTAX 

This section discusses the general syntax and semantics of 
REGIS. This discussion applies not only to the BASE REGIS 
instructions discussed in the next section but also provides the 
general frameworfc for extending REGIS by way of the REGIS 
qeneral grammar. That is, REGIS can support for the purpose of 
transportability any extension as long as it conforms to the 
general grammar rules. 

Since REGIS is meant to be used in conjunction with high 
level languages, extensions to REGIS should not include the mere 
traditional "program structure" features such as conditional 
control and computations .. REGIS in itself is not a 
programming language. 



4.1 

Alphabet 

REGIS is based principally on tt-e ASCII-96 and ASCII-128 
alphabets but for the purpose o maximuin utilization is 
restricted to use only those characte which are common to BCD 
and EBCDIC alphabet systems as well. The REGIS alchabet 
therefore consists of the following characters: 

<letter> A,8,...,z 

<digit> 0,1,.. .,9 

<punctuation> [3,;.()'":@+- 

It is hoped that extensions to REGIS conform to this alphabet as 
much as possible. in addition, the followina alohabet 
conventions apply: 

1. Lower case letters a, b, ... z may be used but are treated 
as upper case letters outside of the range of a auoted 
string. Devices wnich do not nave lower case support rray 
also convert lower to upper case in guoted strings, 

2. The oarenthesis characters "(" and "D" should be reserved 
for option sequences outside of quoted strings, 

3, The bradcet characters " C and "]" should be reservea for 
position arguments outsioe of quoted strings. 

4, The semi-colon character ";" is reserved for use as ar 
instruction separator. That is, the occurrence of tne ";" 
cnaracter will always terminate and instruction wnetner the 
instruction parameters are cor^clete. The ";" cnaracter does 
not terminate a quotea string construction. 
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5. The "at" character "?" is reserved for use by macrogracn 
strings and may not be used in any other context outside of 
a guoted string, witnln guoted strings the "?" character is 
just another printing character .. that is, there is ro 
ability to expand macrographs within quoted strings, 

6. The blanK cnaracter " " is generally ignored outside of 
guoted strings. The exception to this is that blank 
characters are not allowed within the extent of numeric 
constant strings. Thus, the blank character can be used to 
delimit successive numeric parameters. 

7. The comma character "," se-rves generally as an argument 
separator and is generally ignored unless the adjoinino 
Characters are otherwise indistiguishable as in the case of 
two adjoining digit sequences which refer to two different 
numbers, 

8. ASCII control characters and similar communications line 
control and device control characters are generally ignored 
in REGIS and in concepr can be inserted anywhere without 
affecting the interpretation process. 



4.2 

General Grammar 

Figure 4 illustrates and summarizes the meta-languace 
notation which will be used to describe tne syntax of regis 
instructions. This meta-notation is the commonly emoloyed 
extension to the Baclcus Naur Form or BacKus ^lormai Form 
meta-notation originally developed for use in aefinina the ALGOL 
language. 

Figure 5 summarizes the REGIS general grammar. The 
following paragraphs state in words what this figure more 
succinctly defines in mathematical terms. 

1. A REGIS image definition consists of an arnitrary lercth 
seguence of intsructions possibly (but no necessarily) 
separated oy the semi-colon character. Any character which 
does not oegin an instruction (a <letter> character ) is 
ignored, 

2. A REGIS instruction consists of a KEY-LETTEP followed oy a 
parameter list. REGIS is therefore limitec to navlnc only 
26 different types of instructions. Since there are only 
six Key-letters used in the REGIS BASE this is not a 
significant restriction and leaves consiaeraole roorr for 
extension. 

3. An Instruction parameter list consists of an arbitrary 
number of four basic tyces of parameters arranaen in an 
aroitrary order syntactically. Se-rantically , ail 
instructions and instruction parameters are assumed to ae 
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executed in the order ("ief t-to-right") of the reception of 
those Instructions and parameters. 

4. A sequence of characters enclosed in the bracket characters 
generally refers to an x/Y position argument. 

5. A sequence of characters which begins with the aoostrophe 
character •"" and ends with an apostrophe character is a 
text string and treated as a single argument. The 
apostrophe characters themselves are not part of the text 
string, if an apostrophe is to be included ir a text string 
then it is doubled. The full guote character "" !T!ay also 
be used as a string delimiter in the same way as the single 
quote Character. A string which begins with a •• character 
is not terminated by the * character and similarlv a string 
which begins with the " character is not terminated with the 

character. In this way the, the " character can be 
included in a string without being doubled by simply using 
the single quote character as the string deliiniter and 
similarly the single quote character can be included in a 
strlna delimited by the full auote character. For examole: 



*a**C' refers to the string a'C 

"" refers to the string 

"A" refers to the string A 

"" refers to the string " 

""• refers to the string ' 

"A'"''B" refers to the string A*"8 

REGIS instructions may have multiple string parameters. 
In the this case the following ambiauity may occurr. If 
'ABC* and 'OEF* are two consecutive string oarameters, then 
the resulting structure is: 

'ABC'DEF' 

wnich will be treated by REGIS as the sincle string abc'CFF. 
This ambiguity may be avoided oy separating oossible 
consecutive string pararaters by the comma character. This 
may arise particularly in the context that macrooraons are 
used to supply the string parameters. 

6. Digit characters represent either numbers or sequences of 
arguments wnere each argument is a digit character is ar 
argument, 

7. Sequences of characters enclosed within the parenthesis 
cnaracters "(" and ")" refer to instruction cotions. Tne 
syntax of eacn option is the same as the syntax of a pegis 
instruction including narameters of the four basic types. 
For readability, options (also called sub-instructions) i^av 
be separated oy comtna characters but not by the semlccicn 
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character wnlch would terminate the instruction. 

Figure 5 also sumroarlzes the semantic meaning of the six HEGIS 
BASE instructions. 
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Figure 4. meta-lakguage motation 

The syntax of REGIS is defined in terms of the extended 
BacJcus Normal Form (BNF) r.eta-syntax, summarized in the 
following: 

< > Enclose the name of syntactic variables 

(a quantity to be replaced by a string 
of ASCII Characters) 

— > means that the syntax variable of the left is 
defined in terms of one of the string forms 
on the right 

< } Means that the enclosed string may be repeated 

any number of times, or a selection is tpaae 
from the enclosed string forms 

I Select one of the alternative forms of the left 
or right of this symbol 

. . Enclose the name of a single character which 
other wise has no printing representation 

All other characters represent themselves. 

For example, tne the following syntax equation: 

<A> "> A<B> 
— > .cr,{B} 

means that the syntax variable <a> is defined ("can be reclaced 
by") either a string of characters beginning with "A" and 
followed by a string of characters definable by the syntax 
variaole <B> or that <A> is defined by a string starting with 
the carriage-return character (,cr.) and followed by any number 
of "B" characters. 
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Figure 5. GENERAL SYNTAX 

<REGXS> — > <INSTRUCTIOK> <REGIS> 
--> ; <REGIS> 
— > <any character> <PEGIS> 

<i:'ISTRUCTION> — > <KEY> <PAR-LIST> 

<KEy> — > <letter> 

<PAR-LIST> — > '<text> <PAR-LIST> 
— > "<text2> <PAR-LIST> 
— > (<GPTION-LIST> <PAP-I,IST> 
~> C<x-y araument>] <PAP-LIST> 
— > <dlgit> <PAB-LIST> 

<QPriO'4-LIST> — > <KEY> <PAR-tiIST> <CPTION-LIST> 
— > , <OPTION-LIST> 
— > ) 

<text> --> ' 

--> <anY other character> <t:ext> 

<text2>--> " 

— > <any otner cnaracter> <text> 
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4.3 

MACROGRAPH STRINGS 

Macrograph strings provide the ability for the user to 
define a commonly used character sequence to be stored 
teroporarily in the graphics device and then refer to this string 
anyplace in the sequence of instruction execution. Although 
macrograph strings allow the user to collect together several 
complete instructions and then execute these instructions 
several times during the generation of a single image or to be 
used in the generation of each of several separate iipages, it is 
not the intent of macrograph strings to serve as the cotnmorly 
employed suo-picture structure or SIGGPAPH COPE segment 
structure. Rather, macrographs strings are syntactic mechanisn; 
for reducing the number of characters that have to be 
transmitted over the communications interface. For example/ if 
the image being drawn is a sheet of music, each of the different 
types of notes could be defined as a macrograph strino and then 
referred to oy its name resulting in as much as a 5 to 1 
reduction of communications overhead without substantially 
reducing the readability of tne image definition (and oossibly 
improving the readability). 

Macrograph strings conform to a grammar built on too of the 
REGIS general grammar. That is, in the process of oarsing BEGIS 
Instructions, the detection of a macrograph string reference 
causes the characters previously defined for that macroorach to 
be substituted for the string reference characters. Thus, ir. 
the general case a macrograph string may be just an argument of 
an instruction (such as a position argument) or may even be a 
piece of an argument (such as an argument to a sub-instruction). 

All operations relating to macrographs are initiated oy the 
"at" Character "©". The syntax of macrograph operations is 
defined in figure 5 and described in words in the following: 

1. There are 26 macrograph strings altogether wnich can be 
defined. Each macrograph string is identified by a sincle 
letter (lower case oeing converted to ucoer case for tne 
ourpose of macrograoh string identification). 

2. The macrograph strings are cleared by the character sequence 
-a," ("at" followed by period). The operation of clearina a 
macrograph string is interpreted as meaning that the strino 
is defined to consist of no characters ( the empty string). 
Macrograon strings must be clearea before any macrograch 
string may be defined and used. Macrograohs do not have to 
oe cleared if they are not to be used. 

3. A macrograon string is defined by the sequence: 

?:<ietter><STRiNG>«; 

wnere <ietter> refers to any alphabet character, <strinCT> is 
any sequence of characters not containinc "a;" or "»:". The 
sequence "a:" is called the string definition initiator ana 
the sequence "a;" is called the string aefirition 
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terminator, 

4, A macrograph string is referred to by the sequence 

#<letter> 

where <letter> is one the names given a previously defined 
macrograph. This sequence may appear anyplace in a sequence 
of REGIS istructions. 



The following notes refer to conventions to be applied to 
achieve Tnaximum transportability of images which use this 
capability: 

1, A macrograph string can not contain the definition of 
another macrograph string (no "conditional" definition). 

2, A nacrograph string definition may refer to other macrograph 
strings in a nested manner. For maximum transportability, 
this capability should not be used for more than one level. 
A macrograph string may not refer to itself in its 
definition either directly or indirectly (no recursive 
string definition capaoility). 

3, If a macrograph is defined which already is defined, tnen 
the old definition is replaced by the new definition and the 
old definition is lost, 

4, Macrograph string may be of any length (including no 
Characters at all .. the null string) tut for maximum 
transportability, the sum of the character lengtns used for 
all macrographs should not exceed 2000 characters. Some 
systems may have difficulty transmitting character sequences 
longer tnan 80 characters. 



4,4 

POSITION ARGU-ieriTS 

REGIS provides two syntactic structures for the definition 
of drawing positions: (1) X/Y coordinates and (2) pixel-vextcr 
(pv) relative movement. Pixel-vectors correspond ronghly to the 
old (but still very useful) "chain-encoalng" technique w^ich Is 
still used today to arive many incremental plotting devices. 
The X/Y coordinate structure is the somewhat tradition system of 
defining positions using two numbers separatee by a compa (or 
space) Character with a new twist which allows ooth aosolute and 
relative coordinates to be syntactically distinauishaole and 
thus eliminating the need to have seoarate relative ana absolute 
instructions or options. 
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4.4.1 Pixel Vectors 

Syntactically, a pixel-vector is denoted by a single digit 
character in the range to 7. £acn o£ these numbers refers to 
one of the eight pixel neighbors relative to the current 
position. By convention, pv number refers to the right, pv 
number 1 refers to the pixel up and to the right and so forth 
around a circle in a counter-clockwise direction. This 
convention is summarized in the following diagram: 



3 2 1 
S Q 7 



The follo«ing notes aopiy the use of pixel-vectcrs: 
1. The Character sequence: 
0226 



refers to a seguence of four pixel vectors and not to the 
number two-hundred and txenty-six, 

2. Mote that pixel vectors alio* only relative pcsitionino arc 
no aosolute position. 

3. The size of a pixel vector is by default the unit size 
defined oy the screen coorainate setup operation (defined ir 
the next section) and is inodifiable by a tnultipllcative 
factor by the writing attributes instruction to be a 
multiple of the base unit pixel vector, 

4. The ohysical lengtn (linear measure) of the pixel vectors 
may vary in one direction versus another on a device 
deoendent basis partlculary the diagonal directions. 

5. Depending on the granularity of the unit pixel size definec 
by tne screen coordinate setup operation, the exact cositior 
after executing a sequence of pv's is subject to rounooff 
error and thus ov positioning seauences snould be broker 
occasionally oy absolute Dosltioninc, 
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4.4.2 PAPAMETER POSITIONING 

The general syntax of a position parameter argument for a 
REGIS instruction is as follows: 

<PA> — > C<xpart><ypart>] 

<xpart> — > <coordinate> 
<ypart> — > ,<coordlnate> 
— > (nil) 

<coorclinate> — > <n> 
—> +<n> 
— > -<n> 
— > (nil) 

The meaning of these forms is as follows: 

1. A position argument generally consists ot an x-position part 
and a y-position part, either or both of which may be 
missing, 

2. Each coordinate part consists ot a number possibly preceeded 
by a plus or minus sign ('• + " or "-"), 

3. If a coordinate part is not preceeded by a sign character," 
then that argument is an absolute coorainate meaning that 
the value of that part is chanced to be this new number 
indeoendent of the old value of that coordinate. 

4. If a coordinate part is preceeded by a sign character, then 
that part is changed relative to its current value. That 
is, the coordinate part is increased or aecreased by the 
amount given by the number in tne direction inaicated by the 
sign, 

5. Note that one coordinate part can be change on a relative 
basis while the other coordinate part is changed on an 
absolute oasis. 

6. If a coordinate part has a nil definition (no characters) 
then that coordinate part is left unchanged. 

Examples of using position arguments are aiver in the next 
section. 



4.4.3 Position Blocks 

REGIS allows a form of bloctc structure (borrowed fro^n such 
high level languages as ALGOL, ?L1 and PASCAL) to oe apolied tc 
drawing positions. This means that a current drawing position 
can oe saved by a "begin" operation and later after cossiblv 
several intervening oosition changes the position can be 
restored to its old position ty an "end" of block ooeratior. 
This feature is important in PEGIS for two reasons. First ot 
all, ic reduces in ^riany cases cne nurnber ot characters ■■/hich 
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have to oe sent to the remote point, secondly, it allows the 
graphics device to syntactically identify closed polyacn and 
curve sections and distinguish these structures from just a 
sequence of vectors or curve arcs. The begin and end points are 
identified by option characters "B" and "E" in the option 
arguments of the drawing instruction which uses the blocJc 
structure. The following notes apply to blocK structure 
positioning: 



1. Only one mechanism records block begin points. Thus, an 
"end" reference in a vector instruction can cause a position 
saved by a "begin" operation in a position instruction to be 
returned. This should be avoided for clarity if possible. 

2. The blocic structure may be nested but for the puroose ot 
maximum transportability only 1 level of block structure 
should be used (only one level is needed to achieve most ot 
tne benefits of blocJc structuring). 



4.5 

EXTENSIBILITY GUIDELINES 

The following notes give general guidelines for extendina 
REGIS to take advantage of device soecific characteristics: 

1. When possioie, a new feature should be added to REGIS by 
adding options to existing instructions. 

2. A new instruction type should only oe added to REGIS if the 
new operation can not be performed by a sequence of existina 
REGIS instructions and the designer can ensure a minimal 
loss of information content wnen the new instruction is 
ignored by a REGIS device which does not implement the 
instruction. 

3. Avoid using a syntax for extension which has already been 
used as a standard extension. 

4. Do not try to extend REGIS beyond its intended range of 
apDlicabiiity as outlined in tne philosophy section. 

Syntactic transportability is ensured by reauiring the 
complete implementation of all arguments and instruction forms 
whether those arauments are used or not. In oarticular, each 
device snould implement the followina "skioping" syntactic 
elements which allow arguments which are not usee or 
instructions wnich are not implemented to be ianored: 



Skip over a bracket parameter: 

<SKIP9> — > J 
— > ; 
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— > <any-other> <SKIPB> 

SKip over a text string: 

<SKIPQ> — > ' 

— > <any-other> <SKIPQ> 

<SKIPQ2>— > " 

— > <any-other> <SKIPQ2> 

SKip over option sequence: 

<SKIPP> — > 5 

— > <letter><SK:iPl><SKrPP> 
— > , <SKIPP> 

Skip over an entire instruction: 

<SKIPI> --> t<SKIPB><SKIPI> 
— > (<SKIPP><SKIPI> 
— > '<SKIPQ><SKIPI> 
— > "<SKIP02><SKIPI> 
— > <<3igit><SKIPI> 

Having iinple>i»ented these skipping variaoles a device would then 
invoice tne aopropriate variable for each of tne instructions or 
arguments for which no semantic meaning has "ceen implemented. 
To aid in detecting errors in graphic definition seouences, a 
device might choose to set a flag which causes an error rressace 
to be snown anytime one of these skipplno elements were 
accessed. This would also be helpful in ensurina that a 
particular graphic definition meets some predefined level of 
REGIS implementation. 
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5.0 

BASE REGIS li^lSTRUCTIQNS 

This section details the syntax and semantics of the six 
BASE REGIS instructions. Figure 6 summarizes the primitive 
syntactic elements of instructions. Note that REGIS allows 
numeric parameters to be given in integer, floating point and 
scientific notation. The following rules should be used in 
determining the fidelity to which different devices ffust 
implement the interpretation of numeric formats: 

1, Low resolution devices are assumed to use integer numeric 
quantities only. However, low resolution devices must 
extract the integer portions of floating point and scientic 
notation number constants. 

2, Medium resolution devices at least reduce numeric quantities 
to integer form but may also use some oortion of the 
increased resolution provided by floating point numbers. 

3, High resolution devices are expected to use the entire 
resolution provided by floating point numbers. 

For reference purposes, figure 7 summarizes the syntax and 
semantics for the oase instructions in a form suitaole for auick 
reference. 
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Figure 6. regis BASIC syntax elements 



STYNTAX 


1 SYNTAX 


1 




ITEM 


1 VARIATION 


1 


MEANING 


<char> 


j - — — »—«-—. — «. , -.---w--_ — —_ — — __ — w——- — — — 

1 Any ASCII orintlng character 


<letter> 


1 Any ASCII letter (lower case conversion) 

1 ••v~a«ai_____B«__«_^>_ 1 __••__•_•■________________ ____ ___ __ _ 


<digit> 


1 Any of the characters 0, i, .. 9 

1 .•••••ais.av«^»ao«_a_«__ i •••___>__ai__^______ _________ _ _ _ _ 


<pv> 


1 Pixel vector characters 0,1,2,3,4,5,6,7 

1 ««,•««________________ 1 _________________________ ___ _ _ 


<blt> 


1 —•——•■••«—"•••"•••—————«•—«— 1 ••—•"<■«••■——••••——»—«•—«»—»•.—"•———»———»——»•••—•—••«•••»• 

The characters '0* and 'l' 


<n> 




1 


NUMERIC C0^.'STA^4T 




<ni> 




Integer constant 




<digit><<diglt>} 




<nf> 




Fixed point number 




<ni>.{<diglt>> 






<ne> 




Floating ooint nuirter 




<ni>E{+ 


-><ni> 


or <nf>E{+|-><nl> 


<ang> 


<+l-><n> 




Angle argument 




0<s <n> 


<=360 




<pcnt> 


<n> 




PERCENTAGE ARGUMENT 




. such that 0<: 


s <n> <a 


100 


<pa> 


<pax><pay> 


"""*""" 1 


POSITION ARGUMENT 




<oax> 




X-position part 




<nil> 




no X-position change 




<n> 




set X acsolute to <n> 




+<n> 




increase x by <n> 




-<n> 




decrease x by <n> 




<pay> 




Y-position part 




<nil> 




no Y-Positlon change 




,<n> 




set Y absolute to <n> 




,+<n> 




increase y by <n> 




,-<n> 


BMWWMWW 1 


decrease y by <n> 


<aa> 1 




""""""" 1 


ABSOLUTE X,Y ARGUN'ENTS 




same as <oa> 


exceot 


only acsolute X and Y arguments 


<ra> 




"""•*""*• 1 


RELATIVE X,Y ARGUMENTS 




same as <pa> 


except 


only relative X and y arguments 
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figure 7, regis base instructions 



Al] 


[NST. 


iPARAM- I PARAMETER 


1 


1 


KEY 


1 ETER 1 VALUES 

1 ....... 1 .............. 


i MEANING 


Xi 


s 




" 1 .................................... ^^^.. <»..... . 

SCREEN INSTRUCTION 


XI 




1 ( ) 


Screen Ootions 


XI 




1 £ 


erase screen 


i 




1 SC<LT>J [<RB>J 


define screen coordinates 


1 




i TCS<n>) 


adjust standard text size 


1 
-1 • 


■ ■•«*«B<i»«* 


i MC<aa>] 

) .......1 ............... 


adjust Pixel vector size 


XI 


4 


1 1 ^ ^^ 


" 1 '"~~~~~~""~'"«. ""............. .................... 

WRITING ATTRIBUTES IfiSTPUCTION 


Xi 




1 ( ) 


writing Options 


XI 




1 PO 


invisible line writing pattern 


Xi 




1 PI 


full line writing pattern 


1 








XI 




1 P<&iC>.., 


user defined line pattern 


XI 


»«»«B<»WM 


1 C<aa>] 
.......1 ............... 


Set Pixel vector multiplier 
•1 ...............______— _ 


Xi 


P 


• 1 —■— — '—•— ^^- 


POSITION CURSOR INSTRUCTION 


XI 




£<pa>] 


set current cursor to <pa> 


XI 




<digit> 


Pixel vector change to current cursor 


1 




( ) 


Position options 


I 




B 


bounded position seauence 


1 




£ 
.....^.| ............... 


end oosition se'7uence 


XI 


V 


1 .viK^^^^^v 


■ 1 •"••^^•..^. ........................ ....^..... 

VECTOR INSTRUCTION 


XI 




C<pa>l 


Draw vector from current cursor to <pa> 


XI 




<diqit> 


Draw pixel vector 


1 








1 




B 


begin bounded vector senuence 


1 


^«B^«««« '■ 


£ 

....... 1 ............... 


end vector seauence 

, 1 ....._________ 


Xi 


c 




CURVE INSTRUCTION 


XI 




(<pa>] 


Draw circle (arc) throucn <pa> 


XI 




( ) 


Curve options 


XI 




C 


draw circle (arc) centered on <pa> 


XI 




A<ang> 


draw circular arc 


XI 




S 


start curve seauence 


XI 




B 


begin bounded curve seauence 


XI 




....... 1 ............... 


end of curve sequence 


XI 


T 1 


1 ^^™. ^^^^^^^^ 


1 ■""•"•"""."•..—................................. _ 

TEXT IWSTPUCTIOiJ 


XI 




'<text>' 


Draw <text> string 


1 




'•<text2>'' 


Craw <text2> strina 


XI 








Xi 




S<n> 
....... i ............... 


set standard text size Fultiole 

1 .......________ _ 


XI 


9 1 


1 ^-^ ■^^mm^m^^ 


1 ^^^^^^^^^^^^^^^^.^^^.^.^^.^..^^.B^^..^.^^.^..^^.*.,^.^^^^,^ 

MACROGRAPH STRING 


XI 




. 


Initialize (clear) rracrograoh strings 


XI 




:<ietter> 


Begin definition ot string <letter> 


XI 




« 
r 


End iT^acrograph strina definition 


XI 




<ietcer> 


Substitute macroqracn string 
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5.1 

The SCREEN Instruction 

1. PURPOSE 

The screen instruction, key-letter "S", is used to control 
screen coordinate parameters and attributes which affect the 
entire viewing area. In tne REGIS BASE this includes 
clearing the screen area, setting the coordinate system to 
be used and making adjustments to device specific 
parameters. 

2. SYNTAX 

<REGIS> ~> S <SCREEN> 

<SCREEN> — > [<SKIPB> <SCREEN> 
~> •<SK1PQ> <SCREEN> 
— > "<SKIP02><SCREEN'> 
— > <digit> <SCP.EEN> 
— > (<SCPS> 

<SOPS> — > E <SOPS> 

— > S(<pa>] [<pa>j <sops> 

— > T(S<n>) <so?s> • 

— > w[<aa>] <saPS> 

— > , <SOPS> 

— > ) <SCHEE?i> 

— > <anY-other> <SKIFI> <S0PS> 

The forms <SKIPB> and <SKIPC> are syntactic states used to 
skip over (ignore) bracket and quoted string arauments 
respectively. The form <SKIPI> is a syntactic state used to 
skip over an entire instruction, including all parameters. 



5,1,1 Screen erase - S(E) The screen erase option, ortion 
letter "£" is used roughly to initialize tne viewing area in 
preparation to drawing a new in^age. The precise meaning of 
"erase" Is device dependent but generally has the connotation of 
creating a homogeneous visual image. For example, tne secuence 
of Characters: 

S(E) 

will cause (or request to be caused) a new sheet of paper to be 
loaded into a flat-bed plotter and will cause the entire screen 
to have no visioie structure (all olack, all wnite etc.) in a 
raster display device. For devices which have s^FGIS extensions, 
all oarameters and attributes (except possicly for screen 
attributes themselves) should take on their default values upon 
tne execution of the screen erase function. 
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5,1.2 Screen Coordinate definition SCSI J[ J) The screen 
coordinate definition option is a .-nandatory implefnentatior 
sequence whicn allows the user to define the coordinate ranges 
which are to oe used in position arguments. A specific device 
may define defaults for screen oositioning. 

The screen definition ootion has two position arauirents. 
The first gives the user defined coordinates of the uooer-left 
corner of the viewing area rectangle and the second oives the 
user defined coordinates of the lower riciht corner of the 
viewing area. As described in the "Logical Device" section, 
this information is sufficient for the device to set up 
appropriate scaling functions to accommodate a wided range of 
coordinate parameter settings. It is assumed that the 
coordinates will normally be set to the actual ohysical 
coordinates of the device that the application is to use the 
most often. In this case, the device can determine that no 
scaling is necessary and set the transforiration functions to 
unary operators, thus reducing the overhead reauired in 
transforming position arguments. 

EXAMPLES 

SCS[0,03 C383,239]) - Sets the "origin" point to the 

upoer left corner with a range 
aoproximately equivalent to 
standard broadcast TV, 

S(S[0, 511] (511,03 J - Sets the origin point to be the 

lower left corner -vitn a range 
approximately eguivalent to a 
medium resolution crapnics 
raster terminal display, 

S(SC1,1] [1000,00,500.00]) 

- Sets the coordinate ranges tor a 
high resolution plotting device. 

Note that the number of pixels actually accessible is the 
integral part of the screen parameters, Accessiclity to a 
larger numoer of pixels than can be addressed in this manner for 
hign resolution devices fnay be accomolisned by using the sC'---~.. 
) option described below, 

FIDELITY OF IMPL£r-'ENTATIOtM 

1, LO'.«r resolution devices have the greatest flexibility Ir 
implementing the coordiante transformation teature, but rust 
ii'plement some form of transtoriration. The siirpiest forr 
irfould be to round-off the coordinate range in each direction 
to be the nearest multiole of the devices inherent ohysical 
positioning caoability. The transforn^ations then cecore 
simoie snift operations. Using this acproach as Tuch as 
tnree-fourtns of tne viewing area woulc not be usaole. 

2. ."tedium resolution devices are expected to use s 
transformation scne-^e wnicn still allows tne acoroxlrracior 
of tne coordinates cut nas fine enough grTnularity to 
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acnieve less than 20 percent loss in usable viewing area in 
the worst case, 

3. High resolution devices are expected to use a nearly exact 
coordinate transformation algorithm which looses little if 
any of the usaole viewing area. 

* NOTE * 

The screen coordinate option is not meant to be used as a 
viewing or image transformation (that iSf define a coordinate 
system which "maKes sense" for his or her problem .. this 
should be done using higher level software), it is meant rather 
to provide a mechanism for transporting image definitions froir 
one device to another while ensuring that the maximum capability 
of a device is usable in the simplest cases. To ensure that 
this feature is not mis-used, specific Implementations shoula 
perform some type of destructive operation along with the screen 
coordinate setup function, such as an automatic screen clear 
operation. Such an operation should not be performed in lieu of 
a screen clear. 

For tne remainder of this report, it will be assumed that 
the screen is defined to have 400 horizontal Pixels by 3G0 
vertical pixels with tne origin at the upoer left corner. That 
is, it will be assumed that the tolloxing screen instruction has 
been performed; 

SCSCO, 03 [399,299] , TCSl), W[l,l]) 

This also sets the text and pixel size adjustment parameters to 
there default values. 



5.1.3 Text adjust option - S(T(s<n>)) The parameter <n> is a 
generally floating point number which is to be used to uniformly 
increase or decrease the size of the "standard" device character 
size on a multiplicative basis. As a guideline, RKGIS assumes 
that the height of the standard character size is aporoxi-nately 
one-tenth to one-thirtieth the the Physical size of the srnaller 
of the horizontal or vertical direction. For example: 

S(T(S1.5)) 

will uniformly cause the size of each of the stancard sizes to 
be increased oy 50 oercent. Liice the screen coordinate option, 
this feature allows a transported imaae definition to be "tureo" 
to the specific device characteristics. The option shouln 
appear only once for each image definition and has a default 
parameter of 1.0, 

FIDELITY UF IMPut*'er'TATIGN 
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1. LOW resolution devices are not expected to implement this 
feature at all since such devices normally have little or 
not capability of chancing the incremental size of 
characters. 

2. Medium resolution devices may have some capability in 
adjusting character sizes. 



a 



3. High resolution devices are expected to implement 

reasonaole range of character adjustment, at least to the 
extent of publication "point" sizes. 



5.1.4 Pixel Size Adjust - S(wc<n>]) The argument <n> is a 
generally floating point number usee to adjust the horizontal 
and vertical pixel sizes on a multiplicative basis. Like th^ 
text adjust feature, pixel size adjustment should only be 
performed once for a specific image and is normally icnored by 
low-resolution devices which normally do not have the ability to 
adjust pixel sizes on an incremental basis. This option should 
not oe used in lieu of the writing options pixel multiplier 
option. Significant digits after the decimal point may be 
interpreted by high resolution devices as an extension of the 
number of available pixels. For example: 

S(.«[O.OU) 

would be recognized as a request to use 100 pixels between each 
integral pixel. 
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5.2 

The POSITION Instruction 
1. PURPOSE 



2. 



REGIS assumes 
"current •writing 
a drawing instruct 
area. This mean 
maintain the value 
saved values are a 
a drawing ooeratio 
values after eac 
the current value 
on a fat-bed plo 
are also commonly 
"cursor" for short 
is to move the cur 
y values) withou 
the plotter pen wi 
to be moved on 
both numeric X/Y p 



and uses what is referred to as the 
position" convention for determininc where 
ion starts its operation in the viewing 
s that a REGIS device is required to 

of an X and Y set of numbers, and these 
ssumed always to be the starting point tor 
n. These values are up-dated to new 
h drawing operation. A simple example of 
concept is the position of a drawing pen 
tter device. The cuurent value of X and Y 
referred to as the "writing cursor" or 
The purpose of the position instruction 
sor (change the value of the current X and 
t drawing any visible image (that is, move 
tn the pen "up"). REGIS allows the cursor 

both an absolute and relative basis using 
arameters as well as pixel vectors. 



<REGIS> 


— > 


P<PIHST> 


<PINST> 


— > 


[<pa>] <PI>\ST> 




— > 


<PV> <PIMST> 




— > 


(<POPS> 




— > 


'<SKIPQ> <PIwST> 




— > 


"<SKIPQ2> <PINST> 


<POPS> 


— > 


B <POPS> 




— > 


£ <PCPS> 




— > 


, <PGPS> 




— > 


) <PINST> 




— > 


<any-other> <S!<IPI> <POPS> 



3. GENERAL SE'-ANTICS 

The position instruction allows the cursor to be 
changed by direct X/Y parameters by using the form PC<pa>]. 
The cursor oosition may be changed by relative pixel vectors 
using the form p<<pv>}. A begin/end position blocK pav be 
defined oy using the position options PC8) and P(E). 



5.2.1 Position Change Arguments - P[<Da>J The tor-r <Da> ailovs 
the the cursor to be changed on a relative or absolute nasis as 
described earlier. For example, assume the current values of X 
and Y are lOO and 50 resoectively. Then: 



PCO,0j 








P[30,23] 


30 


23 


PC2001 


200 


50 


PC,421 


100 


42 


PC+10,-25] 


110 


25 


PC0,+10] 





60 


Ptl5,203 


15 


20 
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P-Instruction New x/y value 



(only X changed) 
(only Y changed) 
(relative change) 
(combination 
relative and 
absolute change as 
for "carriage return") 

PC10,20]X+51 15 (multiple <pa>'s) 

Although the syntax allows several <pa> arauments to be used in 
a single P-Instruction, this generally has the same effect as a 
single <pa> argument as illustrated in the last example above. 



5.2,2 Pixel Vector Positioning - P<<pv>} To support orograms 
which use "cnaln encoding" techniques and to allow small 
relative changes in the cursor, PEGIS allows the user direct 
acces to pixel vectors. Generally, a sequence of <pv> digits 
are used. The number of unit pixels actually moved for each 
digit is determined by the current multiolier value as set by 
the writing options instruction defined in the next sectior. 
Assuming as above that the current value of X and y are ICO and 
SO: 



Multiplier Instruction New x/Y values 



1 PO 101 50 

1 PI 101 49 

1 P0002 103 49 

(ANY) P01234567 100 50 

5 P6b7 105 65 

23 P5 77 73 

1 POOOOOOOOOO 110 50 

1 PC+IOJ 110 50 

AS illustrated in the last examole, direct positioning is 
usually more efficient than pixel chains for large movements. 
One very effective use of pixel-vector movement is to achieve a 
form of superscript and sub-script operation in the context of 
graphics text. 



5,2.3 Position Blocks - F(5) and P(E) The position cealn and 
end options allow a simple .-neans for recording a current cursor 
value and then returnina to that value at some later roint in 
the seauence. That is, the action of the p(«) ootion is to save 
tne current value of X and Y. After generally several 
intervening drawing instructions which change the cursor value. 
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tne execution ot the PCE) option causes the cursor to be 
restored to Its original value. Tnis is particularly useful in 
defining images which are to have maximum transportability* 
since it allows accumulative roundoff errors to be occasionally 
eliminated, particularly in the case of text drawing which may 
be very roughly approximated on low resolution devices. 
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5.3 

writing Attributes Instruction 

1. PURPOSE 

The writing attributes instruction, key-letter "'W 
allows the user to control the manner in which the pixel 
image is to be drawn at the pixel level. In the REGIS BASE 
this means the selection of line drawinct patterns and the 
adjustment to pixel sizes. 

2. SYNTAX 



<REGIS> — > Vk <wi)y»ST> 

<WINST> ~> ( <WOPS> 

— > C<n>3 <*wOPS> 

— > ' <SKIPO> <WINST> 

~> " <SKIPg2> <;'.INST> 

— > <digit> <ftIf'.ST> 

<waPS> — > P {<diait>><wOPS> 

— > , <WPS> 

— > ) <i^INST> 

— > <any-other> <SKIPI> 



GE.MERAL SEMANTICS 

In the REGIS BASE there are only two significant 
^-Instruction structures. The i»([<aa>] allows the user to 
define a multiplicative factor to oe applied to pixel 
vectors used in the P and V instructions. The W(P<digit>3 
form allows the user to select a line drawing pattern such 
as a solid line or a dot-dash pattern. 



5.3.1 Pixel .'■multipliers - wc<n>] The araument <n> represents a 
numeric constant which serves the ourpose of causing each pixel 
vector referred to by a P or v instruction to be repeated the 
number of tiT.es given by that number. The pixel multiplier also 
has affect on tne reoetition length of line drawing patterns- 
Devices will cnange a pixel multiplier value of to the default 
value Of I. In general, the pixel •nultiplier may be a 
non-integer number, but this capability is normally used only in 
hign-resolution devices. 

The following are examoles of this feature: 



■si[lJ - same as a[13, tne default value 
^CIOJ - each <pv> refers to IC unit oixels 
■»C0.6J - fine adjustment to oixel 
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vector size on a high resolution 
device, interpreted as w[lj on 
low resolution devices. 



5.3.2 Line Drawing Patterns - w(p<dlgit>) Allows the user to 
select from one of 10 predefined line drawing patterns or define 
a new pattern by a sequence of on/off pixel vectors. The 
possible values of this option are as follows: 



PO Draw image as if the pen is "up" 

(that is» no visible image) 
PI Draw image with solid lines 
P2 Dasn pattern 
P3 Dasn Dot pattern 
P4 Dot Dot pattern 
PS Dash Dot Dot pattern 
P6 (to be defined) 
P7 (to be defined) 
PS (to be defined) 
P9 (to oe defined) 
?<oit><bit>,.. user defined pattern 

The user defined pattern is interpreted as a sequence 
of <pv> size line seaments basea uoon an alternating 
pattern of PO and PI line types. For example, the 
sequence: 

PUIOIO 

constructs a Dash Dot pattern siniiar to the P3 line 

type. 
Each aevice is assumed to have a certain recetition length for 
the line drawing patterns. This lenath is not reauired to be 
standardized since it is assumed that a basic dot pattern will 
carry essentially the same information content independently of 
this repetition period. Devices may use the current pixel 
vector multiplier value to expand the pattern scacing, and tMJS 
achieve additional discernible line pattern types. 
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5.4 

THe VECTOR Instruction 

1. PURPOSE 

The vector instruction. Key-letter "V" is used to draw 
straight line segments of arbitrary angle between the the 
current cursor location and one or more new positions, using 
numeric position ar^juinents or pixel vectors. 

2, SYNTAX 



<REGIS> — > V <VECTOR> 

<VECTOR>"> [<Da>3 <VECTOR> 
— > <pv> <VECTOR> 
— > ' <SKIPO> <VECTOP> 
— > " <SKIPQ2> <VECTGR> 
— > C <V0P5> 



<VOPS> 



— > 
— > 



<VOPS> 
<VOPS> 



— > v» <WIMST> <VOPS> 

— > , <VOPS> 

— > ) <VECTOR> 

— > <any-other> <3KTPI> <VCPS> 



3. GENERAL SEMANTICS 

Semantically, the vector instruction works in tne same 
manner as the P-instruction with the exceotion that the pen 
is "down". That is, the v-instructlon causes a visible 
image to oe generated. The lines drawn by this instruction 
are subject to the current line drawing pattern selected by 
the w-instruction and the pixel-vectors dra^n are suclect to 
the current oixel vector multipliers selected by the >»- 
instruction. 

The B and E ootions allow the user to define a closea 

polygon. That is, at the time that an E ontion is 

interpreted, a line win be drawn back to the previously 
defined 6 (begin point) position. 

The fi option allows the writing attributes to be set on 
a temporary basis. After comoletion of the vector 
instruction, the value of the writeing attributes '*'ili be 
returned to tne values which they had before the execution 
of the ^^-instruction. 



Figure 8 gives examples of the icind of imaoes drai«n 
v-instruction including the use of line oatterns . 



usina 



FIDELITY OF I^PLEMEMTATIQ.N 
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1. Low resolution devices will normally approximate straight 
lines by a jagged sequence of unit size pixel vectors. 

2. Medium resolution devices have varying degrees of quality 
When dranring vectors. 

3. High resolution devices are expected to draw lines of 
sufficient smoothness that no discernible jagged edges 
appear to the nafced eye. 
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Figure 8. VeCTOP IfiSTRUCTIOf; EXAMPLES 



AssttMe that the writinj node is'set with: 

W(P1} 
then: PI194]V(-«-4«9] jives: 



The sequence VC+Se] C,-i>S«] I-5«] I,-5«I gives: 



vt*ge,-5«n+iee,+i««H+i«e,-i««i[+5«,*5ei jives: 




Uith UI191 (pixel size of !«) then Vdi234567 jives: 

O 

with the pattern defined b|j: 

U{4]<P111»10««) 
Then Vt+2e«H,+l««H-2e»I [,-ie«l Jives: 



The sequence of instructions: 

PC432,721 

y{961V4eeP{45«,48] 

U[482V«42446«64€«»2«ePt4€8,36I 

UI24]V469€6424€4229244€42446««46«e2«€6642446«64 

V6««2«6«92422«€«2««64«9 

<rives the chain encoded ieajte: 




E=Fb£3 C 
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5,5 

The CURVE Instruction 

Simple graphics devices do not usually have a built in 
curve generation capability. This feature is built into HEGIS 
for at least four reasons; 

1. With the assumption that all devices will have local 
processors, there is no longer any significant coipplexity to 
having a local curve capability. 

2. The availability of a local curve capability can 
substantially reduce the number of characters transmitted to 
the device. 

3. The inclusion of a curve capability aives REGIS a degree of 
completeness relative to the idea of incorporating the "rule 
and compass" drawing primitives, 

4. Each graphic device Knows its abilities better than the 
software driving the device and thus is better able to 
select an optimal quality versus performance tradeoff during 
the design phase. This avoids the common problem which 
arises wnen a circle is aporoximated by an 18 sided polygon 
on a low resolution device which looics exactly lUce an 18 
sided polygon on a high resolution device (instead of a 
circlel) , 

1. PURPOSE 

The curve Instruction, Key-letter "C" Is used to draw 
circles, arcs of circles and curve interpolation seauences. 
By a curve interpolation sequence is meant a curved line 
image of varying radius of curvature such as would be drawn 
by a draftsman using "french curves" or similar aids. 

2. SY?4TAX 



<REGIS> 


— > 


C <CUPVE> 


<CURVe> 


— > 


[<Da>] <CLiaVE> 




—> 


'<SKIPQ> <CURVE> 




— > 


"<SKIPQ2> <CURVE 




— > 


<dlgit> <CUPVE> 




— > 


( <COPS> 


<COPS> 


— > 


C <CCPS> 




"> 


A<ang> <COps> 




— > 


S <CUPS> 




— > 


B <COPS> 




— > 


E <C0F3> 




— > 


> <<>'I^iST> <CUPS> 




— > 


, <COPS> 




--> 


) <C'JhvE> 



— > <any-otner> <SK1P1> <cnPS> 
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GENERAL SEMANTICS 

Pixel vectors normally have no meaning for the curve 
command .. all position arguments are given using the form 
C<pa>3 . The meaning of a position argument is dependent 
upon wnetner or not a curve position blocJc has been 
selected. Outside of a position block, position arguTPents 
mean "draw a circle" or if the arc-angle option has been 
selected "draw an arc of a circle". within a position 
olocic, position arguments refer to points on a curve through 
wnich an interpolated curve is to be drawn. There are two 
types of curve interpolation seguences as deterfnined by 
wnether or not the the operation is initiated oy the 
seguence option "S" or the bounded begin option "B". in the 
first case, an open end point curve tor a curve with 
discontinuities) is drawn. in the second case, the end 
point of tne interpolated curve is drawn back to the begin 
point with a continuous derivative (and therefore looks 
"smooth"). The W option allows the definition of temoorary 
writing attributes using the w instruction parameters. 



5.5.1 Circles and Arcs - Ct<pa>l forms 

If no curve oosltion block has been selected, tnen the 
instruction form: 



C[<pa>] 

will draw a circle with the current cursor position as the 
center and [<pa>] a point on the circumference of that circle. 
The cursor is left at the center after drawina the circle. This 
same instruction with the center option enabled: 

C(C)C<pa>) 

will the circle with the current cursor as a point on the 

circumference and l<pa>l as the center. In this case, the 

cursor is left on the circumference of the circle at the the end 
point (equal oegir point) of the circle drawing. 

If tne arc-angle ootion (^<ang>) is used, then an arc of a 
circle is drawn starting at the point on the circumference arc 
enaing <ang> degrees from that ocint. The cursor is left at the 
end point of the arc if the (C) option ;*.-as used, other-*'ise the 
cursor is left at tne center of the arc. If the ancle is 
Dositive, then the arc will be drawn in the counter-clockwise 
direction and if the angle is negative, the arc win be drawn in 
the clockwise direction. Figure 9 illustrates examples of the 
circle coTmands, 
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5.5,2 General Curve Interp iation 

Eitner the option "S" (for curve sequence) or "B" (for 
begin or bounded) start a general curve interpolation sequence. 
The sequence is ended by the "E" end option. There can be no 
intervening circle or bloclc structured P or v instructions 
within the range of a curve begin-end sequence. within these 
option points, the position arguments (including the current 
cursor position) are points on a curve through which a smooth 
curve image is to be drawn. The problem of determine the slope 
of the curve at the end points is handled in the following 
manner: 

1. The positions at the start and end points are not Imolicitly 
drawn but are used to define the slope of the curve at the 
end DOints. 

2. The begin and end points may be visually included in the 
curve by using the "null" point syntax CJ to indicate that 
tne point is to be repeated in the sequence. In this case, 
the visual aopearance of the curve at the end points nay not 
oe realistic. 

3. For a bounded curve, option "B", the point information at 
the oeqinning of the sequence is retained so that tne closed 
curve will nave a continuous first derivative at the end 
point. 

As a result of this convention, at least three oosition 
argusients in aadition to the current cursor cosition must be 
given to result in a visible curve seament between the secono 
and tnird positions given. One additional curve segment is then 
drawn for eacn additional position argument. The current cursor 
position is always maintained at the last position argument 
given and tnus leads the drawing process by one curve segment. 
Figure 9 also illustrates examples of the curve interoolation 
instructions. 



5.5.3 Fidelity of implementation 

1. Low resolution devices will normally aoproximate circles by 
3 polygon of a certain number of sides which *ill generally 
vary depending upon the radius of the circle. Circular arcs 
will normally be drawn by a polygon approximation with a 
portion of the polygon removed. incremental alcorithms, 
such as aresenham's circle algorithm might also he used for 
low resolution devices. The user is warnea that on lo* 
resolution devices, the accuracy of a circular arc may ce 
ooor, so that the imaae definition should not depend upon 
tne end of arc positioning. 

2. In itiedium and hiqh resolution devices, it is expected that 
an arc or circle oe represented with hiah accuracy snd 
little or no discernible jaggedness. In hich resolution 
aevices, tne accuracy of the circular arc cositionirq is 
exoectea to be at the pixel level. 
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3. REGIS does not specify the algorithm by which devices 
impleiiient the curve interpolation algorithm but it is 
assumed that it will be similar in nature to the commonly 
used spline algorithms. The exact curve sequence drawn 
varies depending upon the algorithm used, out this is not 
considered a problem since the essential information content 
is Shown in spite of minor variations in the curve path. 
Devices may implement more than one curve interpolation 
algorithm which are user accessible by option extensions. 
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Figure 9. CUPVE INSTRUCTION EXAMPLES 



■ cursor start position 
» ■ cursor end position 

CC4-59] ^ivas: 



C(C)I+5«1 jivas: 





C(A189)t-49] jivas: 



X 



Vl/ 



C(S)n£+2»,-2«l[*4«,++dJt*4«,-4»J£+4«,+4«Jn(E) Jivas: 
C<B)I+i5d,-5«JE+15«,+5»n-i5»,*5«J<E) Jives: 




C(B)I+8«,-ie«]I + 12»H-8»,+i««l(E) Sivas: 




C(B)l+29«,*i5«l£+2e»,-l5»II-2«#,*2«ei (g) ji«es: 
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5.6 

The TEXT Instruction 

1 . PURPOSE 

Tne graphic text instruction, key-letter "T" is used to 
draw strings of characters starting at the current cursor 
position. 

2. SYNTAX 



<REGIS> — > T <GTEXT> 

<GTEXT> — > [ <SKIPB> <GTEXT> 
— > <digit> <GTEXT> 
— > '<text> <GTEXT> 
— > '•<text2> <GTEXT> 
—> ( <TOPS> 



<TOPS> 


— > 


S<n> <TOPS> 




— > 


W <rfINST> <TOPS> 




— > 


, <TOPS> 




— > 


) <GTEXT> 




— > 


<any-other> <Sl«IPI> <TOPS> 



3, GEJIERAL SEiUNTICS 

Each REGIS device is assumed to have a built in 
character defcinition anc writing capability. The alphabet 
for writing is assumed to have at least 64 orinting 
characters and in general »fill inplement tne full ASCII 
printing set. Each character of the <text> strina is 
written by placing the visual image of the reterenced 
Character at the current cursor location. After writing the 
character, the cursor oosition is changed to a point *hich 
vfould oe tne logical position for writing another character 
(normally horizontally a distance a little n^ore than the 
visual v»idth of a character). The character size option 
allows characters to oe written with varying sizes and with 
varying spacing. The w option allows the setting of 
temoorary attributes which are in effect only during the 
duration of a single T instruction. 



5.6.1 Text Size option - TCS<n>) 

The parameter <n> is generally fioatina point number whicr 

allows tne user to increase the size of the characters dravr 

(and oroportionately the soacin? oetween characters) cy a 

multiolicative factor of the devices "standard" size. 
Generally, tne range of <n> should be liirited to Ci to !0. A 
value of will oe talcen to refer to tne default value 1. 



REGIS FUiMDAMEfJTALS... Rev. 1 Paqe 60 



5,6.2 Fidelity of implementation 

1. Low resolution devices generally will have a standard size 
character wnich will vary considerably in size froir one 
device to another- thus the user should not depend upon the 
cursor value at the end of drawing a sequence of characters 
and should reposition the cursor by some other means. The 
quality of character representation at this level is also 
assumed to be poor and typically drawn as a sequence of 
short vectors or as a pixel pattern, 

2. Medium resolution devices are expected to allow reasonably 
good quality characters and deterministic end point cursor 
values and must impiecnent a full range of integral character 
sizes, 

3. High resolution devices are expected to dra-w "letter 
quality" characters and give fractional as well as integral 
character sizes. Since the standard (smallest) character 
size on a high resolution device will generally be very 
small in proportion to low resolution devices, the screen 
instruction text adjust feature may have to be set wren 
transporting a graohic irnaae definition. 
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6.0 

THE EXTENDED REGIS LOGICAL DEVICE 

This section describes extensions to the Log"ical REGIS 
Grapftlc Device required to accomodate the specific features of 
devices which are not common to all grachics devices. TMs is 
not meant to be an exhaustive discussion on the subject* but 
rather an illustrative presentation which can be follovred for 
the extension of REGIS to device capabilities not described 
here, ine case of raster CRT devices is covered in sowe detail 
to fully illustrate the process of extending RLGis. 



6.1 

Dimensional Screens 

Dimensional screens refers generally to the class of 
graphics devices in which the physical size of pixels has a 
repeatable nieaning and in particular allows the user to choose 
from a variety of pixel sizes. Examples of such devices include 
both paper and photographic plotting devices, REGIS accomodates 
such devices oy allowing the user to define the size of pixels 
in physical dimensions. The logical device is therefore 
extended by the following parameters: 



SDX - is the physical size of a oixel in the 
horizontal direction 

SD'i - is the physical size of a -sixel in the 
vertical direction 

By icnowinq the numoer of pixels selected by tne screen 
coordinate definiton operation, the device is then able to 
determine tne size of paper needed to draw the iirage. 

The units of the ohysical measure should be optionally 
selectaole oy the user with the metric system oeing the default 
value. 

These devices also will generally allow (and need) the 
wiath of line segments to be user controllable. This tyce of 
feature would be included in REGIS by using a wiath option in 
the writing attributes instruction. 



6.2 

Gray Scale and Color 

Tne simplest torn? of color capaciiity refers to the tre 
ability of a plotter device to use different coiorec oens tc 
draw on different colors of paper. In this case, the caper 
represents tne bactccround color ana the pens represent tre 
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foreground color. BlacJc and white raster qraortlcs devices 
Inherently have the ability to show varyira intensity levels of 
light, called gray-scale. More complex devices, such as high 
resolution color raster devices have the ability to present a 
full range of color hues in acdition to gray scale Cintensitv) 
capability. 

ro accomodate this broad range of cacabilities, the 
extended REGIS logical device adopts the followino scheme which 
allows the selection of color and gray-scale in a sinsoie manner 
for sijople devices but still has full access to the broad 
spectrum of attribute capabilities of the most caoable of the 
devices: 

1. Each pixel has associated with it a forearound and a 
bac.<ground "intensity" attribute which is user controllable. 
Tne differentiation between foreground and bacjcaround is 
.■nost clear in the case of the plotter out has little •neaning 
for the high resolution raster color device, 

2. The simplest form of intensity attribute is a scale of 8 
numbers representing lowest to hiahest brightness on a grav 
scale raster device. 

3. For simple color devices, the scale of eiaht intensity 
values is interpreted as the three primary colors, the three 
complementary colors and the clacJc and white intensity 
values. The mapolno between gray-scale and color follo*s 
tne conventions which nave been established for crotocraphic 
and oroadcast television worK as suirmarlzed in tne foioowirq 
table: 



Gray-Scale Color Value 






aiac< CdarK] 


I 


Blue 


2 


Red 


3 


Magenta 


4 


Green 


5 


Cyan 


6 


Yellow 


7 


v^hite 



This is based on the standard RGB to lu^ninance level 
trans fori?»ation used in the television inaustry (WTSC color 
standard), a more accurate transformation for Devices 
having a oroad grey scale range is (normalized to the ranae 
to 7); 

I = 4.1*G + 2.1*» + 0.8*6 

4. For devices navina ^ tull range of color cacatiiitv, tre 
Hue-Lightness-Saturation system ot color lefinitior is 
adooted. In su-tmarv, this system recuires three aeneraiiv 
floating ooint nuniters to be used in cefinrc; a scecific 
intensity saraseter value; 
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Hue (H) - The hue of the color expressed as 
an angle on the color wheel. 

Lightness CD - The relative brightness of the 
color expressed as a percentage of 
full brightness. 

Saturation (S) - Expressed as a percentage of 
the fully saturated hue. 
For the purpose of converting between the low-resolution FGB 
notation and the higher resolution HLS system, the following 
taole should be used (generally, lightness and saturation 
are ignored and only the hue angle has meaning): 

TO CONVERT HLS TO RGB: 



Hue 


Lightness 


RGB 

B 


Intensity 


331 to 30 


15 to 


85 


11 


31 to 90 


15 to 


85 


M 


12 


91 to 150 


15 to 


85 


R 


13 


151 to 210 


15 to 


SS 


Y 


16 


211 to 270 


15 to 


85 


G 


14 


271 to 330 


15 to 


85 


C 


15 


(any) 


to 


15 


D 


10 


(any) 


85 to 


100 


W 


17 


TO CONVERT RGB 


TO HLS: 


(Satu 


iration = IQO) 


Intensity 


RGB 



Hue 



Lightness 


10 







11 


B 





SO 




12 


w 


60 


SO 




13 


R 


120 


50 




14 


G 


240 


50 




15 


C 


300 


50 




16 


Y 


180 


50 





17 M 180 100 



In concept, the Intensity parafflecer can be apciied 
indeoendently to the foreground and to the oac'«3round ot tre 
graphic image. That is, we can select to use a clue cen to draw 
on a yelloj/ Piece of paoer. Obviously, devices will have 
extreme ranges ot implementation of the intensity attributes. 



5.3 

Text Attrioutes 

Text attributes induce a >ide variety of features 
associated witn the presentation of textual cnaracters, 
inciuaing (out: not liiriced to) any combination of the foliowlrq: 
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1. Variable characcer size including independent width and 
heignt adjustment. 

2. Variaole cnaracter spacing including proportional spacing 
and letter-spacing. 

3. Angular orientation of characters and independent angular 
character spacing, 

4. Foreign language fonts. 

5. Alternate representation fonts (Gothic, Futura, and so 
forth). 

6. Superscript and subscript capability. 

7. OverstrDce (underline, APL characters, and so forth). 

It is the Intent of REGIS to support such features in ar 
extension set. The user should recognize that the degree to 
-nicn a specific device sucports these charateristics is 
extremely oroad and is therefore one of the areas of lirage 
generation *ich the least portability capabilities. 

To support the majority ot these features, an extended 
REGIS device ^aav support the definition of the following 
extended logical device parameters: 

1. WIDTH - The width of the hypothetical carrallelograra in 
*hich a cnaracter is xrttten, 

2. HEIGHT - The height of the parallelogram treasured in 
pixel-vector units. 

i. OAMG - The direction of the character wioth line n'easured as 
an angle in degrees relative to the horizontal axis. 

4. HAr^G - The direction ot the height side of the character 
parallelogram measured relative to the width direction 
(relative slanting of characters, as for an Italic 
reoresentation) . 

5. TDX - The relative horizontal spacing of two characters 
Rieasured in pixel units. 

6. TOY - The relative vertical soacing of two characters 
Treasured in pixel units. 

7. FOMT - A scalar parameter used to identify which of several 
possible fonts is currently in use. 
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6.4 

Area Attributes 

» 

Ihis class or extensions refers to the general capability 
of many devices to associate attributes to areas bounded by 
REGIS primitive line images. The visual attributes may include 
combinations of the following: 

1. Shadinq patterns (similar in concept to line patterns), 

2, Color and Intensity variation. 

These capabilities syntactically are covered by other REGIS 
extensions, REGIS distinguishes two approaches to identitfylng 
the boundaries of an area: 

1. FILLed areas - An area defined by and bounded by either a 
bounded sequence of vectors or a bounded (closed end point) 
curve, 

2. SHADed areas - An area defined to be the difference between 
two not-necessariiy bounded vector or curve sequences. 

The first case corresponds to the common concept of bounded 
surface. The second case corresponds to the tyoical approach 
used to represent data as a "histogram" imaae. 



6.5 

Dynamic Attributes 

The area of dynamic attributes covers a broad spectrum of 
features whicn are illustrated at one extreme by "blir.teing" 
attributes and at the other extreme by a fully animated cartoon. 
The common point in REGIS for such capabilities is the notion 
that the foreqround/oacKground selector function varies as a 
function of time. Using this model the tvpical blink attribute 
is interpreted as an alternation of foreground and bacicgrounc 
visual attributes. 



6.6 

User Interaction 

User interaction refers to the general capability of some 
devices to send information to the controlling computer as a 
result of computer queery and/or operator entry using one of 
several possioie devices. Generally, REGIS expects such aevices 
to return character sequences in resoonse to such comouter or 
operator request. 
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7,0 

STANDARD RASTER EXTENSIONS 

Tfiis section describes a standard set of REGIS instruction 
extensions to be used with raster CRT qraphics devices. The 
additional capabilities accessible usina these extensions 
include: 

1. Background and foreground gray-scale and color intensity 
attributes, 

2. Negative linage attributes Chite on blacic, black on white 
and so forth). 

3. screen area scrolling (screen motion). 

4. The "alternate" (blink) dynamic attribute. 

5. Memory value dependent writing attributes (reolace writing 
in addition to overlay writing), 

6. Area attributes for bounded and unbounded areas. 

7. Text attributes and user definable characters. 



The syntax of the instruction extensions is summarized in 
figure 10, Figure il suntraarizes the syntax of the intensity 
attributes. 
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Fiqure 10. STANDARD PASTEF DISPLAY EXTENSIONS 



I INST. 
41 KEY 



-I 
XI 

J 
XI 
Xi 
Xi 
Xi 
-I- 
Xi 
Xi 
Xi 
XI 
XI 
XI 
XI 
Xi 
XI 
XI 
Yl 

I 
XI 
XI 
-I- 
XI 
XI 
XI 

Xi 

XI 

Yl 

Yl 

-I- 

Xi 

XJ 

Xi 

I 

I 

I 

I 

I 
-I- 

I 

I 

i 



PARAM-l PASAMETER 

ETER I VALUES 
,j 



I LEANING 



<pv> 
[<pa>l 
( ) 



N<n> 

HQ 

I<lntens> 



Move screen image by pixel vector amount 

Hove screen image by <pa> 

Extended options 
negate (reverse) the image 
disable negative image (default) 
set oackground intensity 



A<n> 

AO 

H<n> 

E 
C 
R 
V 

s 

<digit> 
*<cfiar>' 

SO 

I<intens> 



I 



Extended writing octicns 

enable Alternation (blink) 

disable alternation (default) 

enable negative image writing 

disable negative image writing (default) 

erase writing 

complement writing 

replace writing 

overlay writing (default) 

enable area shading 
use <digit> line pattern as fill cattern 
use character as s^adi^a pattern 

disable area shaaing (default) 

set writing intensitv 



C<ra>3 
( ) 



A<digit> 

SC<aa>] 

.MC<aa>j 

I<ang> 

0<ang> 



■I 



Set relative text soaclna 
Extended text options 

alphabet (font) select 

set aosolute character row/colu-nn size 

set row/column pixel muitioliers 

set Italic slant 

set cnaracter row direction 



*<char>' 
<text>; 



( 



) 



D 

H 

SC<aa>J 
I<intens> 



I 



LOAD ALPHABET CHARACTER INSTRUCTION 
Select cnaracter to be loaded 
Character pattern definition 
Load character ootions 
select decimal nui^ber base 
select hexa-decimal number base 
character definition size 
background intensity select 



READ GRAPHICS PAPAHFTERS 
Identify parameter to be read 
read current cursor oosition 
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Figure 11. RASTER EXTENSIONS - INTEf'SITY PARAMETER 



MEANIJiG 



<intens> 



<ciigit> 



{ 



) 



D 

6 

R 

G 

M 

C 

t 

•ft 

H<anq> 

L<pcnt> 

5<pcnt> 



INTEHSITY ARGUMENT 
Set one of 8 predefined intensities 
intensity options 

dark (default 10) 

blue (default ID 

red (default 12) 

green (default 13) 

magenta (aefault 14) 

cyan (default 15) 

yellow (default 16) 

white (default 17) 

HLS hue angle 

HLS lightness in percent 

HLS saturation in percent 
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7.1 

Screen Instruction Extensions 

1. PURPOSE 

Raster scan extensions to the screen instruction allow 
setting of the oacjcground intensity (color and/or gray-scale 
value), reversal of the image intensities and screen 
"scrolling", 

2. SYNTAX 

<SCREEN>— > [<aa>] <SCREEN> 
— > <pv> <SCPEEN> 
— > ( <SOPS> 

<SQPS> "> N<n> <50PS> 
— > NO <S0P5> 
"> I <intens> 

<intens>— > <digit> 
— > ( <ITOP> 

<ITOP> — > DIBIBjyiGICIYIrt 

— > ri<n> 

~> L<n> 

— > S<n> 

— > ) 

3. GEfiSRAL SEMANTICS 

Tne forms C<ad>J and <pv> allow the screen i-nage to 
"•nove" in tne viewing area in the same way that most raster 
CRT devices allow text scrolling. The forms N<n> (<n> is 
any positive no-zero number, Put usually 1) and NO reverse 
the screen image (blacic on white or vice versa) and cause 
the "normal" iniace to Pe shown respectively. The intensity 
parameter allows the gray-scale level to be set on a scale 
of O.OOOOO (minimum) to 7,00000, the selection of I of the 
elgnt priiaary colors, seconaary colors or dark: and white, or 
a more precise setting of the color value bv usina the HLS 
system of color definition. 



7,1.1 Screen motion - C<aa>] and <pv> 

These forms are included to allow devices the dynamic 
capaoility of cerfor-ning screen motion as for the case ot text 
scrolling or "strip- chart" generation. Since this is a purely 
dynamic feature, the range ot implementation is verv broad 
ranging croai no impleinentation at all to the full scale 
"panning" operation of allowina the ooerator to move the viewiru 
window through a ^uch laraer irage definition. The intent of 
this feature is suPT^arized in tne foiling exaroles. 
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S[,f203 

move the screen Image ud the equivalent of "one" text line; 

SO 

move the screen image right one pixel to make room for the next 
data item in a strip-chart presentation. 

7.1.2 screen image reversal ;-4<n> and NO 

These options allow access to the inherent capability of 
many raster scan CRT devices to "reverse" their iirage. That is, 
if the device normally presents characters and lines as white 
written on a dark background then invocation or the s(Nl) option 
will Show the irnaae as a dark line on white background. The 
option sequence s{«0) then would return the image rendition to 
its normal impression (fiO is the default value). In the context 
of color, this feature may have no meaning (ignored) or oe used 
to reverse the color values (blue becomes yellow, red becomes 
cyan and so forth). Screen reversal should not be used to carry 
significant information, 

7.1.3 3ackground intensity - I<ITOP> 

The inensity parameter in the screen instruction is used to 
uniformly cnange the background intensity of the graphic image. 
The intension is the same as loading a certain colored piece ot 
paper into a clotting device. This parameter may be changed 
during tne orocess of drawing the image to define the color 
value of the "off" pixels in a line pattern, or the backaround 
color to the rectangle which encloses a character, but no 
essential information content should be placed in such a 
dynamically defined background attribute to ensure maximum 
transportaoiiity. in either case, the action of a screen erase 
operation is to use the then current background Intensity to 
uniformly define the background color and/or gray-scale. 

1. LOM resolution devices generally will only implement at most 
tne integral gray-scale values and/or the 6 
primary/secondary color values but must convert the HLS 
values to these integral values if they support aray-scale 
or color. 

2. High resolution devices are reauired to sucoort at least 64 
levels of gray-scale or o4 levels on eacn ot the crlmary 
colors. 
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7.2 

hrriting Attributes Extensions 
1. S5C.NTAX 



Raster extensions to the writing attributes Instruction 
allow access to a wide range of capabilities ot CRT devices, 
including color, gray-scale, the simple blin)c dynamic 
attribute, image "memory" modification, and area filling. 



2. SYNTAX 



<wOPS> 


— > 


A<n> <hCPS> 




— > 


AO <WDPS> 




— -> 


N<n> <WOPS> 




— > 


iMO <WOPS> 




— > 


E 




— > 


C 




--> 


R 




— > 


V 




— > 


S<FrLL> 




— > 


SO 




— > 


I<intens> 


<FIHi> 


— > 


<digit> 




— > 


'<cnar>' 




— > 


nil 



3. GENERAL SE>tAriTICS 

The forms A<n> and fiO are used to enable and disable 
writing of an image portion usina a for'n of blinicing 
attribute, ihe options E, C, R, and v are used to modify 
the image memory. The s<n> and SC options are used to 
enable and disable area filling and the l<intens> form is 
used to identify the foreground writina intensity (value of 
tne "on" pixels in a line oattern or character pattern^. 



7,2.1 Alternate attribute - A<n> an 



d AO 



«hen 
positive 
cause tne 
Tne conce 
*ill for 
foreground 
underlying 
sequence, 
already vr 
aternate 
subsequent 



enaoled by the alternate attribute A<n> (<n> a 
integer usually l) all image generating instructions 
pixels to visually blink at device decendent rate, 
ot of alternation is that the image section so dravn 
some period of time, oe visually snown with tfe 
intensity and then for a oeriod of time show the 

bacicgrouna intensity value and then receat this 

The form AG does not turn off blinking for pixels 

itten using the A<n> option but only disables tre 

attribute from being associateo v-itn oixeis in 

drawing instructions. 
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7,2.2 Memory modification - R,C,E,V 

For devices *nich save the pixel image in a memory device 
of some sort, these options allow the dynamic modification of 
the memory elements on a pixel basis as defined by the following 
rules: 

1. V option - overlay the new line pattern or characters onto 
the existing memory pixels ,., that is an "OR" ooeration of 
the "ON" pattern or character pixels. This is the default 
REGIS option and means that lines written over text 
Characters win appear visually to strike through th*» 
character, 

2. R option - Replace writing causes the on and OFF pixels in 
the line pattern or character to be written into the memory 
independent of the current memory values at the addressed 
locations, 

3. C option - Complement writing causes the current line 
pattern or character pattern to be "XCPed" with the current 
image in such a way that if the same sub-image is written 
twice at the same oostions, tne result would apcear as if no 
writing had been performed at all. 

4. E option - Erase causes all pixel values addressed in 
suosequent drawing instructions to revert to their 
bacicground selector values. Thus, if every pixel were 
written with the E oction the same effect as a screen clear 
would oe achieved inaependent of the current value of the 
memory or tne line pattern, 

Note that tnese four options are mutually exclusive and 
generally can not be comolned. That is, the invocation of thp 
"R" option *ill over-ride the previous invocation of the "V" 
option. 



7.2.3 Area snading - s<n>, S*<char>' and 



SO 



These option forms allow devices with built in area fillira 
capabilities to draw an image uniformiv filled with the current 
intensity values. The S<diqit> option invoices area filling for 
all subseguent vector and curve instructions (usira the line 
pattern given oy <digit> until the execution of the so oction 
(disables filling). The form s'<char>' allows a character 
pattern in the currently selected alohabet to be used as the 
filling pattern. The actual operation oertorTec by the device 
is dependent upon whether the subseauent instructions are 
defined to oe sounded Line/curve sequences are open secuences. 

I, OPEN SEgUEiNCES 

in this case, the v or C instructions are not aiver 
begin CB) and end CE) octions. ine action taken is as 
follows. The Y value recorded at tne tirp that the s<r> 
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option Is invoked is used as a vertical reference line. All 
saosequent V instructions are then drawn as four sided 
figures with this reference line as the base, the vector 
drawn as tne top (bottom if the vector is below the 
reference line) and the vector start and end points are 
taken to be tne coordinates of vertical lines wnich complete 
the four sided area, several vectors drawn in this way will 
tnen reoresent a form of polygon which generally has several 
closed sections. Curve instructions definea by the CS) anc 
(£} options are drawn as if the curve segunce consisted of 
infinitesimal vectors. Note that the vector and curve 
sequences may cross the Y reference line any numoer of 
times. 

2. aOUNOED SEQUENCES 

This case is distinguished from the open case by the 
appearance of begin ana end options in the vector or curve 
instructions, in the case of the vector Instruction, the 
positions specified oetween CB) and (Ej options (including 
tne initial current value) are taken to be points on a 
closed polygon and tne entire bounded- area is filled even if 
there are enclosed image segments (which will aet overlayed 
or replaced as a function of the current memory modification 
option value). Similarly, the bounced curve sequence will 
cause a the complete area defined by the interpolation 
sequence to be filled, ihe circle curve option is always 
considered a closed curve and therefore does not require the 
oegin end option specifications, Tne special case of a 
circular arc is handled as it the arc so aefinec is a piece 
of a "pie" cnart. 



The snaaing enable option s<n> will use the selected line 
pattern to fill in tne vertical direction. Additional options 
of the snading option allow the use of a oredefined line pattern 
or user defined pattern for the horizontal airection as well. 
Alternately, tne user nsay refer to a previously defined 
character as Che filling pattern in which case the cnaracter 
pattern is replicated sufficiently to fill the area with 
appropriate clipping of the bounaaries of the characters at the 
edges of tne polygon or curve. Hard cooy devices may choose to 
siniulate the area filling operation by appropriate 
cross-hatcning patterns. To acnieve maximum transport, ana 
efficiency, area tillina should not be simulated as a seaunce of 
vectors. 

Figure 12 illustrates several examples of area fillina for 
both open and bounded vector and curve seauences. 
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Figure 12. vector and Curve Extensions Exaitiples 
Th« shadinf sa<)uene8 «(Sl;vi+3««,-i«#l gives: 




«f4}fJL!*?S **'?^*"| ?f^«?n«« is used with the pattern 
5llHl»l« then the following pattern shaded triangle is 



drawn: 



Bounded polajons can be filled usinsf the (B) and (E) options: 
V(l)(+5«,-5en+9e,+501l-€«,4-4«] CS) 




Curves nan shaded relative to a 3 position as in the 
case of vectors: 



C<S)ni+S«,-3«l£+5«,+6eiI+7«,-6ei ... IKE) 




or shaded as a bounded filled area, as for the instruction: 
C(B)t*15«,-ie«lt*15«,+10«lI-iS«,+l««HE) 
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7.3 



Text Instruction Extensions 



1, Extensions for- graphics text include user definable 
character paratneters and user definable alphabets. 

2. 



SYNTAX 






<TEXT> 


— > 


C<ra>] 


<TOPS> 


— > 


A <digit> <TCPS> 




— > 


S t<aa>] <TOPS> 




— > 


M C<aa>3 <TOPS> 




— > 


D <angle> <TOPS> 




— > 


I <angel> <TCPS> 


<REGIS> 


— > 


L <LOAD> 


<LOAD> 


"> 


C <SKIPB> <LGAD> 




— > 


( <1jOPS> 




--> 


'<text> <LOAD> 




— > 


<text> 



<L0P3> — > D <LOPS> 

— > H <LOPS> 

"> S C<aa>] <L0P5> 

--> I <lntens> 

—> ) 



7,3,1 Text instruction extensions 

Figure 13 summarizes the user selectable text character 
parameter controls. These parameters are summarizea in the 
following. 

TC<ra>J - The relative position araument <ra> is used to 
define the relative X and Y changes to be acplis<! after 
each character is written. These explicit oararneters 
are used even though consecutive characters .may overlao. 

S[<aa>] - The X and Y portions ot the aosolute argumept 
<aa> are used to define the width and height of the 
Character rectangle to be drawn (re* size and column 
size] . 



M[<aa>] - The X and i portions of the aosolute arcunient 
<aa> are used to define the pixel irultiplier to be 
aoplied to the width ana height. Generally, the -Aidt*^ 
Ttultipiier is selected so that the row size divioed by 
the row multiplier is the sair^e as the character wirfth 
measured in pixel vectors but "lay be citferert frot^ this 
value for special ournoses. In carticular, fewer than a 
oiuitipie number of pixels :nay oe dra'vn so that not all 
ot tne character is drawn or more than an Intecral 
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number of pixels are drawn in which case the character 
pattern is repeated. 

D<anqle> - Direction selects tne angle which the width 
of the character makes relative to the horizontal axis 
and is given in degrees. 

I<angle> - Italic angle specifies the angle that the 
height (columns) of the characters are written relative 
to the direction of the columns as defined by the then 
current character direction. 
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Figure 13. Text Parameter Extensions 



CHUL 



RNUL 




Cursor Position 
iai cursor position 

0<dir«ction> 



PEFINITIOH OF PARAHETERS 



BX « change in X position after writing 

DY » change in Y position after writing 

CSIZE « coluMn size 

RSIZE 3 row size 

CMUL = colunn dot nultipliar 

RHUL • row dot nultiplier 

])<an9ie> « row direction, range of: 
♦ <» <angle> <» 36» 

I<angle> * Italic offset 
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7.3,2 User defined characters - A option and L instruction 

A REGIS device may implement several alphabets including 
font variation as well as foreign language and graphic symbol 
characters. These alternate alphabets are selected using the 
"A" option in the text instruction. Up to 10 different 
alphabecs are syntactically distinguishable. The alphabet 
numbered is always the national character set and may not t-e 
modified in content except for font representation. 

REGIS allows one or wore of the alphabets 1, 2, ... 9 to 
be memory loadable using tne LOAD instruction. The general 
syntax of a load instruction is tne letter "L" followed by the 
ASCII Character index whicn will be used to refer to the 
Character and this is then followed by a sequence of nus^ieric 
parameters each of which specifies a single row in the the 
character pattern. The number of row patterns given generally 
implies the cnaracter size, Ry default, the row patterns (roost 
significant bit is the left most displayed cixel and the first 
parameter is the top of the character) are defined by decimal 
integers separated by commas. 

The load instruction oocions alio'* selection of character 
size on an alphabet oasis and number base tor definition. In 
particular, the option H selects the hexa-decimal number base 
for row definition (the iTtost efficient base for line 
communication), the SC<aa>] allow the user to define the size of 
tne Characters to oe loaded in a manner sirriiar to the text 
instruction size parameter, and the l<intens> option allo'*s a 
oacicground color to be associated with a specific character 
definition. 

Figure 14 illustrates examples of the extended i 
instruction and the L Instruction. 



REGIS FUNDAMENTALS... Rev. 1 



Page 79 



Figure 14. Extended TEXT Instruction Exaipoles 



Usins TI+ie,+«l(A»,Si,D«,I») 

aval 

Usinj TC+2*,+*l<S2)'ABCl>EF€' Jives: 
ABCDEFC 

Usinj TI+3»,+»l{S3)'ABCDEF€' jives: 

ABCDEFG 

Usinj Tl*l««,+3»1(S9,I-+5)'ABCDE' gives: 




Using D99 (direction up) and 145 gives: 



i 

Usinj the alphabet character defined by: 

L' A '884422118844221 18844; 
then T<Ai,Sl2*«,2«l,H£l,2])'A' jives: 



The sane character with T(Mr2,21) jives: 



Note that this tupe of character can be used as the 
priHitive of a bar chart drawing program. 
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7.4 Read Parameters Instruction - F 



PURPOSE 

The read parameters instruction, Key-letter "P" allows 
the user to read oacic to the "host" computer (source of 
REGIS instructions) parameters of the drawing process In 
Interactive environments. 

SYMTAX 

<REGIS> — > <PI.^ST> 

<HINST> — > C <ROPS> 

--> C <SKIPB> <RIN5T> 
— > * <SKIPC> <RINST> 
— > " <SKIPQ2> <PINSI> 
~> <dlqit> <RINST> 

<rtOPS> — > P <RCPS> 
— > , <ROPS> 
— > ) <RIMST> 
— > <any-other> <SKIPI> 

GENERAL SE.MANTICS 

The option RCP) causes the current araphics cursor 

position to be transmitted to the host source in an 

interactive terminal environment. The general syntax of the 
response is: 

<header> <X-part>/<Y-oart> <suffix> 



where <X-part> and <Y-part> are numeric strings ».hlch define 
the current writing cosition in terms of the current screen 
coordinates definition. The <header>and <sufix> are 
implementation sequences which allow the host to recognize 
the response string in the possible context of other 
character strings. 
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8.0 

INSTALLATION ESfVIPONMENTS 



For the purposes of this report, REGIS addresses two 
environments for the application of the qraphics instructions: 
U) embedding in Amsi escape sequences and (2) use in a bounded 
graphics system. 



8.1 

ANSI Encoding 



At the time of this report, the most looical aporoach to 
embedding REGIS in ANSI escape sequence environments aooears to 
oe the use of tne aoplication program selection sequences. That 
is, a graphic definiton sequence is initiated by the invocation 
of tne escape seounce: 



.esc.« 
and tertninated oy the sequence: 
.esc,\ 



All Characters within this sequence are intercreted as PE<^I5 
instructions. Although an entire screen image does not nave to 
be included in one invocation ot these seauences, individual 
instructions snould not be brojcen up accross escape secu'^nce 
boundaries, wu-i«-<r 

8.2 

sounded Systems 

As discussed earlier, REGIS is also intended to be used in 
oounded systems even if no remote communications lirk is 
invoied. This is to allow maximum transoortabiiitv of li-nages 
defined in a bounded system to be used in distributed systems 
and vice versa. . 

In the realm of such bounded systems, REGIS should be uspd 
for the following: 

1. Graonics text file definition of a graphic imaqe. 

2. Direct use of REGIS instructions in hlah level ienaguaqes 
when no eraoedded qracnics statements are provided. 

3. Communication of a graphics image to a seoarate araphics 
device. 

It is assumed that such a device would have a ?Ff;is interface 
"driver" to convert tne cnaracter strings orivTinatinc at any of 
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these sources to the native graphics hardware instructions ot 
the system. 



